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A B S T R A C T

Objectives. This study determined
the characteristics of fetal alcohol syn-
drome in a South African community,
and methodology was designed for the
multidisciplinary study of fetal alcohol
syndrome in developing societies.

Methods. An active case ascertain-
ment, 2-tier methodology was used among
992 first-grade pupils.A case–control de-
sign, using measures of growth, develop-
ment, dysmorphology, and maternal risk,
delineated characteristics of children with
fetal alcohol syndrome.

Results. A high rate of fetal alcohol
syndrome was found in the schools—40.5
to 46.4 per 1000 children aged 5 to
9 years—and age-specific community
rates (ages 6–7) were 39.2 to 42.9. These
rates are 18 to 141 times greater than in the
United States. Rural residents had signif-
icantly more fetal alcohol syndrome.After
control for ethnic variation, children with
fetal alcohol syndrome had traits similar
to those elsewhere: poor growth and de-
velopment, congruent dysmorphology,
and lower intellectual functioning.

Conclusions. This study docu-
mented the highest fetal alcohol syn-
drome rate to date in an overall com-
munity population. Fetal alcohol
syndrome initiatives that incorporate in-
novative sampling and active case as-
certainment methods can be used to ob-
tain timely and accurate data among
developing populations. (Am J Public
Health. 2000;90:1905-1912)
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In the United States, the rate of fetal al-
cohol syndrome has been estimated to range
from 0.33 per 10001 to 2.2 per 1000.2 A more
recent average has placed the rate for the de-
veloped world at 0.97 per 1000.3 In certain
American Indian reservation communities in
the United States that are considered by some
to be at very high risk, the rate of fetal alcohol
syndrome seldom exceeds 10 per 1000.4,5 The
average rate of fetal alcohol syndrome found
among American Indians, based on active case
ascertainment methods, was 8 per 1000 in the
birth cohorts 1970 through 1980.6 Studies of
African Americans of low socioeconomic sta-
tus (SES) in selected inner-city areas have
yielded a rate of 2.29.3

Various methods, including both active
and passive case ascertainment, have been
used to determine the prevalence of fetal al-
cohol syndrome. Information for estimating
fetal alcohol syndrome prevalence comes
from birth records, registries, clinic-based
studies, and population-based initiatives.7 Be-
cause of wide variation in methodologies,
comparison of fetal alcohol syndrome preva-
lence and the epidemiologic characteristics
of fetal alcohol syndrome between popula-
tions is often difficult to impossible. For ex-
ample, virtually all active case ascertainment
studies, in which outreach in major geo-
graphic areas focuses on aggressive case find-
ing, have been carried out among American
Indians. Passive, record-based systems and
clinic-based methods have been used to study
fetal alcohol syndrome among patients pre-
senting for routine medical services (e.g., pre-
natal and birthing services). Passive case as-
certainment has been used predominantly in
mainstream populations in North America
and Europe.6,8 Data from these different meth-
ods vary greatly in their completeness and in
the types obtained in each setting.7,9,10

Recently, a studycommitteeof the Institute
ofMedicineendorsedactivecaseascertainment
as the most accurate method for epidemiologic

studies, but active methods are logistically chal-
lenging, expensive, and time-consuming.7

In this article, we summarize an active
case ascertainment initiative funded by US and
South African sources to establish the preva-
lence of fetal alcohol syndrome in a commu-
nity in the Western Cape Province of the Re-
public of South Africa. As part of a binational
commission initiated by the vice presidents of
the 2 countries, scientists from the United States
visited parts of South Africa to lecture, share in-
formation, and survey potential research op-
portunities.11 These visits, sponsored by the
National Institute on Alcohol Abuse and Al-
coholism,12 raised concern about the frequent
occurrence of fetal alcohol syndrome in vari-
ous South African subpopulations. Epidemio-
logic studies of fetal alcohol syndrome seemed
necessary in the Western Cape Province in the
southwest of the country. The total population
of the province is 3721200, of which 57% is
Cape Coloured (mixed race), 18% is Black,
24% is White, and 1% is other. Cape Town is

Epidemiology of Fetal Alcohol Syndrome
in a South African Community in the
Western Cape Province 



December 2000, Vol. 90, No. 121906 American Journal of Public Health

the most densely populated area of the region,
but 40% of the population live outside the Cape
Town metropolitan area in small towns and
rural settlements like the one studied here.11

Many people of the Western Cape are in-
volved in growing grapes and producing wine,
and this has influenced the modal regional
drinking patterns. For several centuries, wine
was distributed among and consumed daily by
workers as partial payment for labor.This cus-
tom is referred to as the “Dop” system. Dop
has been outlawed by at least 2 legislative acts,
but residual patterns of regular and heavy al-
cohol consumption by workers remain today
as its legacy in Western Cape society. Further-
more, increasedavailabilityof inexpensivecom-
mercial wine, beer, and liquor today in shebeens
(illegal bars) and carry-out sources has exac-
erbated problems of heavy drinking.13,14 Week-
end binge drinking is a major form of recre-
ation among subsegments of the population.

Theanonymousstudycommunityhasbeen
awillingresearchhost.Similar insocialandeco-
nomic character to many others in the Western
Cape, thecommunityhadapopulationof45225
(35364urbanand9861rural) in1996,15 thevast
majority of whom were classified as Coloured.

Methods

The diagnosis of fetal alcohol syndrome,
first formulated in 1973 by Kenneth L. Jones
and David Smith,16 describes a pattern, which
few had recognized earlier,17,18of anomalies and
deficits in children prenatally exposed to large
amounts of alcohol. Children with fetal alcohol
syndrome have characteristic facial and body
dysmorphology, a pattern of delayed physical
growth and development, and mental and be-
havioral deficits.18,19 Many investigators, in-
cluding study groups ofThe Research Society
on Alcoholism and the Institute of Medi-
cine,7,19–21 have refined, catalogued, and quan-
tified these 3 hallmarks of fetal alcohol syn-
drome over the years.Even though fetal alcohol
syndrome can be diagnosed without confir-
mation of heavy maternal drinking,7 a detailed
maternal history is very desirable to confirm
the nature of gestational drinking and to docu-
ment social circumstances, particularly in cases
in which dysmorphology is less consistent.19

In this study, we did not attempt to ag-
gregate the individual traits of prenatal alco-
hol exposure into lesser, nonsyndrome diag-
noses commonly referred to as fetal alcohol
effects, alcohol-related birth defects, or alcohol-
related neurodevelopmental deficits.7,22,23 Only
fetal alcohol syndrome (or not fetal alcohol
syndrome), the most accurate and rigorous di-
agnosis, was used. Fetal alcohol syndrome had
been diagnosed previously in South Africa24

but not in an explicit epidemiologic study.

Specific fetal alcohol syndrome diag-
nostic components of the US Institute of Med-
icine7 were used: (1) facial and other dys-
morphology, (2) diminished structural growth
for age, (3) developmental (intelligence and
social skills) delay, and, when possible, (4)
confirmation of maternal alcohol consump-
tion. Once data for each of these components
were independently collected, quantified, and
analyzed, a structured case conference of ex-
amining specialists in each domain was held
(Figure 1).

Establishing 2-Tier Screening Through
Preliminary Physical/Dysmorphology
Assessment

Dysmorphology, growth, and develop-
mental data for the children were collected
with a 2-tier screening method after norma-
tive data were assessed for this particular
population. Four 2-person teams (1 expert
dysmorphologist and 1 South African physi-
cian training in fetal alcohol syndrome di-
agnosis) worked independently but simulta-
neously and used standardized assessment
criteria to examine all children in sub-A
(first-grade) classrooms. Twelve of the 13 el-
ementary schools in the community (N=992
sub-A children) were accessed. The one
school that refused to participate was an all-
White school with 80 children. Ethnographic
knowledge of the community indicates that
this school sample was representative of the
community. The low mobility of the local
population ensures that the vast majority of
the study children underwent gestation and
were born locally.

Furthermore, the research team
searched for out-of-school children and
found only 2 children without a major de-
velopmental delay in the targeted age range
(5–7 years). Children from the community
who were in special schools for the devel-
opmentally delayed also were examined.
Two cases of fetal alcohol syndrome from
the community were confirmed via diag-
nostic methods similar to those described
below.

The screening of schoolchildren pro-
ceeded as follows. First, a complete dysmor-
phology examination was given to each of the
initial 406 schoolchildren from classrooms in
6 of the rural and urban schools to gauge both
local normative growth parameters and possi-
ble fetal alcohol syndrome dysmorphology rel-
ative to US National Center for Health Statis-
tics charts. Second, data for these 406 children
were analyzed. All the children with suspected
classic fetal alcohol syndrome had height,
weight, and occipitofrontal circumference
measurements below the 10th centile on 1 of
the 3 measures. Third, with local parameters

assessed, cutoff points were set for imple-
menting the 2-tier screening system. Fourth,
all of the 586 children in sub-A classrooms in
the remaining 6 schools received tier I screen-
ing (height, weight, and occipitofrontal cir-
cumference). Children whose measurements
were below the 10th centile on occipitofrontal
circumference or on both height and weight
were referred for the complete examination
(tier II) by the dysmorphology teams. Finally,
220 of the remaining children met these crite-
ria and were referred for complete examina-
tions. Therefore, 626 children (63%) received
full dysmorphology examinations (see Fig-
ure 1).

Full examinations for so many children
also provided intensive training for South Afri-
can physician trainees. Every child receiving the
complete screen (tier II) was examined by 2 of
the physician teams. Each 2-member team ex-
amined and measured the child’s occipitofrontal
circumference, palpebral fissure length, philtrum
length, inner and outer canthal distance, and
other indicators such as abnormalities in joints,
heart function, and palmar creases. Findings
were recorded on child data forms, and physi-
cians in each team verified each other’s find-
ings. All physicians were “blinded” from any
prior knowledge of the child or mother. Once
seen by 1 team, the child was directed to an-
other “blinded” team who repeated the exami-
nation and measurements as a reliability check.

Mean differences between dysmorphol-
ogists’measurements for the first 25 children
were checked and were insignificant for key
measures: inner canthal distance (0.22 cm),
interpupillary distance (0.29 cm), and palpe-
bral fissure length (0.04 cm). Interrater relia-
bility was later checked for 194 matched pairs
with the square root of the Pearson product
moment correlation (r). Results were 0.91 for
inner canthal distance, 0.85 for interpupillary
distance, and 0.84 for philtrum measurements.

Complete Diagnostic Sequence

After the dysmorphology examination
had been completed by 2 teams, a child was
assigned a preliminary diagnosis of not fetal
alcohol syndrome, deferred, or fetal alcohol
syndrome based on the quantified fetal alcohol
syndrome checklist and all clinical findings.
Children with a deferred diagnosis had the ap-
pearance and some anomalies of fetal alcohol
syndrome with growth delay, but develop-
mental test and maternal interview data were
definitely required for a final diagnosis. Only
those with the classic fetal alcohol syndrome
phenotype and measurements well below the
fifth centile on all measures received a pre-
liminary fetal alcohol syndrome diagnosis. All
children with a preliminary or deferred diag-
nosis of fetal alcohol syndrome then under-
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FIGURE 1—Methodologic flow of the Western Cape, South Africa, fetal alcohol syndrome study. OFC=occipitofrontal
circumference; FAS=fetal alcohol syndrome.[

went developmental testing and prenatal risk
assessment.

Controls

Once subjects were identified, a control
subject was selected for each, matched for sex,
age,andclassroom.Identicaldevelopmentaland
life skills testingwasperformedonsubjectsand
control subjects with the Griffiths Intelligence
andDevelopmentTest, a standard test translated
toAfrikaansandused throughoutSouthAfrica.

Maternal Data

The mothers of the control children be-
came the maternal controls. Structured mater-
nal interviews contained 114 items: childbear-
ing pattern; drinking patterns before, during,
and after the index pregnancy; SES indicators;
demographic variables; and other risk factors
in the social context. Questions from prenatal
risk factorquestionnaires fromtheUnitedStates
were rewritten forSouthAfrica, locally relevant
questionswereadded,questionswerepilot tested
with6localsubjects,andadaptationsweremade.

The protocols used drinking questions
that were designed to elicit accurate reporting
of both “free” alcohol supplied as part of their
work compensation, as was the custom in this
province, and alcoholic beverages purchased.
Photographs of standard beer and wine con-

tainers sold locally were shown to the respon-
dents so that proper quantification of quantity,
frequency, and variability of drinking was as-
sessed in standard ethanol units. All interviews
were administered in Afrikaans in the field by
a public health nurse (J.C.).

Because mothers of children with fetal al-
cohol syndromeoften leadchaotic lives, several
were deceased or could not be located, as was
common in other studies.5,25 Specifically, 35 of
the48mothersof thechildrenwith fetal alcohol
syndrome were contacted and interviewed. For
the remaining 13, some data were obtained for
11viacollaterals(usuallyrelativesofthemother);
no knowledgeable collaterals were located for
2mothers.Six(12.5%)of the48mothersofchil-
drenwithfetalalcoholsyndromeweredeceased
(1 in a house fire, 1 from pulmonary tuberculo-
sis,and4frommurderorotherviolentdeath),and
6 were nomadic or had moved from the area.
Therefore,2childrenweregiventhediagnosisof
fetal alcohol syndrome without alcohol expo-
sure data per Institute of Medicine guidelines.7

Results

Table 1 summarizes the key variables for
all children studied. A total of 992 children
were examined: 52.8% male and 47.2% fe-
male. The mean age was 6.6 years. Basic an-
thropometric parameters established for the

local children are also found in Table 1. The
children averaged 116.2 cm in height, weighed
an average of 21.1 kg, and had a mean occip-
itofrontal circumference of 50.8 cm. None of
these measures or deviations are remarkable.

Subjects were primarily of the Coloured,
or mixed ancestry, group; fewer than 5% were
exclusively Black African, and fewer than 6%
were White. This unique racial admixture ne-
cessitated the previously described assessment
of local physical traits. For example, prelimi-
nary information suggested that the inter-
pupillary and inner canthal distances in local
subpopulations (e.g., Khoisan tribal back-
ground) were greater than United States norms,
and in many children, the proximal portion of
the philtral columns was smoother than found
in the United States. Furthermore, mid-face hy-
poplasia was so commonly recorded that it was
considered a normal variation in this population.

However, in none of the study population
of fetal alcohol syndrome or deferred children
did microcephaly (occipitofrontal circumfer-
ence<25%) and microphthalmos (palpebral
fissure length<25%) fall within the normal
range. The phenotypes of the deferred cases
on these and other measures were sufficiently
abnormal to justify further inquiry for fetal al-
cohol syndrome because deferred cases had
many fetal alcohol syndrome traits (see dys-
morphology scores in Table 1). Conversely, a
child with isolated microcephaly (or another
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TABLE 1—Demographic and Growth Parameters for All Sub-A Children, Children With Fetal Alcohol Syndrome, Control
Subjects, and Children With Deferred Diagnosis: Western Cape Community, South Africa

Children With Children With Still-
All Sub-A Fetal Alcohol Control Childrena Deferred/Unconfirmed

Children (N=992) Syndrome (n=46) (n=42) Diagnosis (n=7) P

Sex, %
n 988 46 42 7
Male 52.8 54.3 54.8 28.6
Female 47.2 45.7 45.2 71.4 NSb

Age, y
n 977 45 42 7
Mean 6.6 7.0 6.7 6.6
SD 0.73 0.84 0.67 0.54 NSc

Height, cm
n 985 46 40 7
Mean 116.2 109.5 115.7 109.5
SD 6.15 6.06 6.68 3.43 <.000c

Weight, kg
n 987 46 40 7
Mean 21.1 17.8 20.8 17.9
SD 3.46 2.34 2.41 1.10 <.000c

Occipitofrontal circumference, cm
n 987 46 40 7
Mean 50.8 48.5 50.9 49.7
SD 1.60 1.46 1.42 1.39 <.000c

Dysmorphology scored

n 582 46 40 7
Mean 3.0 10.7 2.3 9.3
SD 3.68 4.47 2.56 4.54 <.000c

Residence, %
Urban 74 39 (n=18)
Rural 26 61 (n=28) <.001b

Note. Columns one and two provide all the necessary data for analysis of urban/rural patterns by indirect standardization of rates. NS=not
significant.

aData are for control subjects matched only to the children who received a final diagnosis of fetal alcohol syndrome. Control subjects matched
to the children with a final deferred/unconfirmed diagnosis were eliminated from the analyses. Four children with fetal alcohol syndrome from
the first grade could not be matched for age with first-grade control subjects because of advanced age.

bχ2 test.
cAnalysis of variance (F test).
dThe dysmorphology score was assigned only to those children seen in the initial growth parameter assessment phase or in tier II screening

and control subjects.

single trait) and no additional features of fetal
alcohol syndrome was diagnosed as having mi-
crocephaly (or the isolated trait) and not given
a preliminary or deferred diagnosis of fetal al-
cohol syndrome.

After the dysmorphology examination,
17 children had a preliminary diagnosis of fetal
alcohol syndrome, and 36 had a deferred di-
agnosis. These 53, along with their matched
control subjects, were the subjects of further
research (Figure 1).

Final diagnoses were made only after all
data were gathered in the 3 domains and case
conferences were held. Developmental testing
and maternal interview data were completed
by other professionals and combined with dys-
morphology examination results for a final di-
agnosis of fetal alcohol syndrome for 46
schoolchildren. Seven of the deferred children
received a final diagnosis of “not fetal alcohol
syndrome/still deferred” because they had ei-
ther insufficient symptoms of fetal alcohol syn-
drome or a normal diagnosis. The 49 control
children also were tested by the same diag-

nostic criteria; none had fetal alcohol syndrome
or indicators sufficient for deferred status.
However, because 7 of the control subjects were
matched with children who were ultimately
classified as not fetal alcohol syndrome/still
deferred, they are not included in the data in
Tables 1 and 2.

Table 1 also presents the demographic and
growth parameters of all children who received
a final diagnosis of fetal alcohol syndrome and
their matched control subjects. A slightly higher
percentage of the control subjects were males
(54.8%) than of the children with fetal alcohol
syndrome (54.3%), because 4 of the older sub-
jects could not be matched with control subjects
from the same grade in their school. The dif-
ference was not statistically significant. The
average age was 7.0 years for children with
fetal alcohol syndrome and 6.7 years for con-
trol subjects, indicating that children with fetal
alcohol syndrome were, on average, already
showing delay in school by the first grade. The
mean age of the control subjects and subjects
with fetal alcohol syndrome straddles that of all

first graders (6.6 years). Height, weight, oc-
cipitofrontal circumference measurements, and
dysmorphology scores for fetal alcohol syn-
drome and control subjects differed signifi-
cantly, with deferred children similar to children
with fetal alcohol syndrome. Mean dysmor-
phology scores were 10.7 (possible 0–35) for
the children with fetal alcohol syndrome, 2.3
for control subjects, and 9.3 for the children
with a still-deferred/unconfirmed diagnosis.

Scores on the neurodevelopmental tests
(Table 2) were lower for children with fetal al-
cohol syndrome on each of the 3 composite
measures. For mental age, performance IQ,
and verbal IQ, the children with fetal alcohol
syndrome scored 16 to 20 points lower on each.
The overall mental age of children with fetal al-
cohol syndrome was 77.5 and that of control
subjects was 95.3. In all measures, control sub-
jects were close to average but below the South
African average of 100, underscoring the im-
portance of comparison with local norms.

Analysis of maternal drinking variables
(Table 3) indicates that mothers of children with
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TABLE 2—Neurodevelopmental Assessment of the Children Included in Case
Conferences

Children With Control Children With Still-
Fetal Alcohol Childrena Deferred/Unconfirmed

Syndrome (n=46) (n=42) Diagnosis (n=7) P

Mental age
Mean 77.5 95.3 88.4
SD 13.36 8.50 9.54 <.000b

Performance IQ
Mean 74.1 94.2 84.4
SD 11.13 13.56 11.97 <.000b

Verbal IQ
Mean 71.7 88.3 79.5
SD 12.45 9.66 15.87 <.000b

aData are for control subjects matched only to the children with fetal alcohol syndrome.
Control subjects matched to the children with a final deferred/unconfirmed diagnosis
were eliminated from the analyses. Four children with fetal alcohol syndrome from the
first grade could not be matched for age with first-grade control subjects because of
advanced age.

bAnalysis of variance (F test).

fetal alcohol syndrome reported much greater
current use of alcohol and more drinking be-
fore the index pregnancy and during each
trimester than mothers of control children. A
majority of the women (controls and subjects)
were current drinkers. The mothers of children
with fetal alcohol syndrome reported current
consumption of 12.6 drinks per week, compared
with 2.4 for the control subjects, and more than
50% said that they drank more during the preg-
nancy that resulted in fetal alcohol syndrome.
From the maternal questionnaire and interview,
the context of life and drinking was explored.
Mothers of children with fetal alcohol syndrome
especially characterized the index pregnancy as
a time in their lives when they had many life
problems and drank more heavily.

Alcohol was the drug of choice; the use of
other drugs, covered extensively in the inter-
view, was low to nonexistent, except for to-
bacco. A high percentage of the mothers of
both control children and children with fetal
alcohol syndrome smoked tobacco during preg-
nancy (46.3% vs 87.9%; χ2 =8.96, P=.000;
odds ratio [OR]=14.8).

Prevalence Rates

The urban vs rural distribution of fetal al-
cohol syndrome cases (Table 1) was tested
against the overall residence pattern of the
schoolchildren through indirect standardization.
Rather than 26% of the fetal alcohol syndrome
cases coming from rural areas as predicted by
residence, the data indicate that 61% (28) of the
fetal alcohol syndrome cases were from rural
schools, a significant departure from random
distribution (OR=4.41). The rates of fetal alco-
hol syndrome are much higher in the rural areas.

The rate of fetal alcohol syndrome in the
first graders screened was 46.4 per 1000. Fur-
thermore, if the all-White school that did not
allow screening had no fetal alcohol syndrome
cases, the overall in-school rate of fetal alcohol
syndrome was 42.9 per 1000.All children with
fetal alcohol syndromewereColouredorBlack.
The fetal alcohol syndromerate for thechildren
in the White school was zero; the Coloured/
Blackin-school ratewas therefore49.3per1000.

Because of poor school performance
among children with fetal alcohol syndrome, 9
of the 46 first-grade children with fetal alcohol
syndrome were older than most first-grade stu-
dents (children in the targeted age range). Ap-
propriateagerangesforcalculatinganage-based
rate can be maintained through the elimination
of older (≥8 years) first graders from the nu-
merator and denominator. Subtracting the older
children from the calculations yields an age-
specific, in-school prevalence of 40.5 per 1000.

When the 2 additional fetal alcohol syn-
drome cases identified in the community (in
schools for the developmentally delayed) in
this age group (>5 years and <8 years) were
considered, a total of 48 children with fetal al-
cohol syndrome were identified. The commu-
nitywide, age-specific rate was 39.2 per 1000
children aged 6 and 7 years. Therefore, the
range of minimal prevalence rates for this com-
munity was 39.2 to 42.9 per 1000.

Discussion

Active case ascertainment of fetal alco-
hol syndrome through population-based
screening has not been reported except among
American Indian and Alaskan native popula-

tions.5,6,8 To our knowledge, active case ascer-
tainment methods have not been used previ-
ously in developing nations. Furthermore,
screening all children in a particular school or
grade has not been done before. Active case
ascertainment can effectively and efficiently
identify children with fetal alcohol syndrome
ranging in age from 3 years to the early teens,
particularly in relatively small populations. The
interdisciplinary, multiple-domain, case–
control design described here produces what
we believe is complete, accurate, and reliable
knowledge of the prevalence and characteris-
tics of fetal alcohol syndrome. It does not pro-
vide the actual birth prevalence (incidence) of
fetal alcohol syndrome of a population such
as this because the effect of infant and child
mortality rates (10 to 30 per 1000 in the West-
ern Cape) on children with fetal alcohol syn-
drome cannot be assessed with these methods
(J. Miles, Offices of the Provincial Adminis-
tration of the Western Cape, Republic of South
Africa; oral communication; January 2000).

Previous studies have left unanswered
many questions about the epidemiology of
fetal alcohol syndrome. Epidemiologic, clinic,
and laboratory studies all indicate that major
risk factors for fetal alcohol syndrome are as-
sociated with the mother’s individual charac-
teristics and her social milieu. Specific traits
such as advancing maternal age; high gra-
vidity and parity; early age at onset of regu-
lar drinking; length of drinking career; and
quantity, frequency, and timing of maternal
drinking during the child’s gestation partially
explain the prevalence of fetal alcohol syn-
drome.26,27 Furthermore, SES is a major risk
factor in the United States.3,27–29 However,
these variables have rarely been studied si-
multaneously in nonclinic populations. Rather,
passive case ascertainment methods are com-
monly used with existing data sources that
are often incomplete and selective.30,31 This
proactive methodology yielded rich epidemi-
ologic data useful for prevention, and it iden-
tified “gold standard” cases for further re-
search and clinical services.

The only other paper to report a higher
rate of fetal alcohol syndrome was completed
in Canada in a highly “disrupted” American
Indian reserve with high unemployment, sub-
stantial outmigration of nondrinkers, and there-
fore a concentration of drinkers. Robinson et
al.32 used active case ascertainment methods
and reported a rate of 120 children younger
than 19 years per 1000 with fetal alcohol syn-
drome. In our study, more sophisticated and
strict assessment measures were used in all do-
mains (dysmorphology, intellectual develop-
ment, and maternal interviews) for children at
ages more suitable to the accurate diagnosis of
fetal alcohol syndrome. Furthermore, this
South African community is stable, not char-
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TABLE 3—Substance Use by Mothers and Fathers of the Children Included in Case Conferences

Mothers of Children Mothers of Children With 
With Fetal Alcohol Mothers of Control Deferred/Unconfirmed
Syndromea (n=35) Childrenb (n=41) Diagnosis (n=6) P

Current use of alcohol, drinks per week
Mean 12.6 2.4 3.7
SD 12.21 4.68 6.20 <.000c

Drinks consumed on Saturday
Mean 7.3 1.9 1.8
SD 6.17 2.84 3.25 <.000c

Drinking in months before pregnancy with 
index child, %

Drank about the same (as current use) 25.7 45.0 50.0
Drank less (than current use) 20.0 40.0 50.0
Drank more (than current use) 54.3 15.0 0.0 <.005d

Drinking during first trimester of pregnancy 
with index child, %

Drank about the same (as current use) 25.7 45.0 50.0
Drank less (than current use) 17.1 40.0 50.0
Drank more (than current use) 57.1 15.0 0.0 <.003d

Drinking during second trimester of 
pregnancy with index child, %

Drank about the same (as current use) 22.9 50.0 50.0
Drank less (than current use) 20.0 40.0 50.0
Drank more (than current use) 57.1 10.0 0.0 <.000d

Drinking during third trimester of pregnancy
with index child, %

Drank about the same (as current use) 22.9 52.5 50.0
Drank less (than current use) 25.7 42.5 50.0
Drank more (than current use) 51.4 5.0 0.0 <.000d

Smoked during index pregnancy, %
Yes 87.9 46.3 50.0 <.000d

Drinking habits of father of index child 
during the index pregnancy, %

Nondrinker or light drinker 8.6 38.5 33.3 <.003d

Occasional or moderate drinker 5.7 23.1 0.0
Frequent or heavy drinker 74.3 28.2 33.3
Has had problems with alcohol 11.4 10.3 33.3

aMortality and mobility reduced the number of available mothers of children with fetal alcohol syndrome by 11. See “Methods” section of the
text for details.

bMothers of control children matched only to the mothers of children with fetal alcohol syndrome. Mothers of control subjects matched to the
children with a final deferred/unconfirmed diagnosis were eliminated from the analyses.

cAnalysis of variance (F test).
dχ2 test.

acterized by social disruption, displacement,
or selection by social pathology. It is an estab-
lished community with a viable (yet low-wage)
economy that is undergoing only moderate
rates of modernization. Therefore, such a high
rate of fetal alcohol syndrome is very worri-
some. Many mothers in this community give
birth to children with fetal alcohol syndrome
compared with the relatively small number of
US women (0.3 to 3.3 per 1000 women of
childbearing age) who bear 1 or more children
with fetal alcohol syndrome.3,4,32,33

This study and the race/ethnicity of the
children with fetal alcohol syndrome provided
insight into gross social influences on fetal
alcohol syndrome. The research team was able
to access all children in 11 predominantly
Coloured and Black schools and 1 predomi-
nantly White school. Because of past apar-
theid policy (enforced segregation by race/

ethnicity), darker-skinned peoples are over-
represented in the lower SES categories. This
obviously has affected fetal alcohol syndrome
rates, given that all of the children with fetal
alcohol syndrome were Coloured, and within
the Coloured group, those with the lowest SES
indicators were overrepresented in the fetal al-
cohol syndrome cases.

Because virtually all of the women in this
community had low SES, the community is at
highriskforfetalalcoholsyndrome,assuggested
by studies from the United States.3,33 Unknown
is whether similar rates exist in other low-SES
areas of South Africa. Some visits to informal
settlements (squattercamps)on the fringeof the
majorSouthAfricanmetropolitanareas ledus to
believe that rates of fetal alcohol syndrome also
may be elevated there. But this study clearly il-
lustrates that the historical presence of the wine
industry in the Western Cape and the drinking

patterns that have developed have produced a
high fetal alcohol syndrome rate.

Fetal alcohol syndrome was more com-
mon in the rural schools than in the urban
schools. This may reflect increasing socio-
economic resources among urban dwellers, or
urban areas may simply provide escape from
a heavy-drinking social milieu. Clearly, resi-
dence on certain of the grape-growing, wine-
producing farms is a grave risk factor.

All women likely underreported the extent
of drinking. Owing to the residual Dop system
and drinking pattern of many female farm la-
borers in this community, many did not report
alcohol consumed that was not purchased, even
though our instrument prompted them in sev-
eral ways to report all consumption. Further-
more, respondents may have found it difficult
to answer in standard drink units (even though
pictures were used by the interviewer), because
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alcoholic beverages are commonly shared from
nonstandard containers. It was a challenge to
use wording that would elicit exact reports of
the quantities of alcohol consumed daily on
the farms. Respondents, however, seemed able
to recall and willing to report alcohol purchased
in standard containers. Most drinking is binge
drinking, and most alcohol was purchased on
weekends because this is frequently the only
time that women on the farms have the means
to purchase it.

Thus, even though the current drinking
quantities reported by both subjects and con-
trols were not high in absolute standards, the
most important interpretation of the data is the
large differential between subjects and con-
trols. There is no doubt, however, that these
mothers drank sufficiently to produce verifiable
cases of fetal alcohol syndrome as severe as
we have seen anywhere in the United States.

The results of this study were presented to
the schools, parents, and community leaders.
The local school psychologist was provided
the results of the testing to benefit individual
children. Furthermore, a fetal alcohol syndrome
prevention initiative based on the study findings
was quickly initiated in the community with
assistance from the National Institute on Al-
cohol Abuse and Alcoholism research team.
The prevention coalition is headed by the
mayor and regional officials in education, gov-
ernment, and public health. The comprehen-
sive fetal alcohol syndrome prevention model
of the Institute of Medicine7 and other specific
prevention techniques are being used.26

Conclusion

In this article we report the highest rate of
fetal alcohol syndrome ever documented in a
stable community and the specific conditions
with which it is associated. Some South African
public health professionals stated that this may
be only one of several regional towns with sim-
ilar problems. One might ask whether similar
social and economic conditions produce prob-
lem drinking and fetal alcohol syndrome else-
where in the developing world. The early stages
of economic development, low education at-
tainment, low SES, increased access to alco-
hol, and loss of folk and traditional culture may
cause extreme alcohol misuse, which elevates
the risk of fetal alcohol syndrome. Methods de-
scribed here are applicable for research and for
designing targeted prevention initiatives in pop-
ulations elsewhere in the developing world.
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. \BSTR,\Cl ' .  Object ive :  
' fhe 

aim of  the study was to dcterminc lhe
prer a lence anci  charactcr is t ics of  feta l  a lcol . to l  svndrotne (  FAS) in a sec-
ond pr imarv schooi  cohort  in a cornmuni tv in South r \ t i ica.  l lc thod:
. \c t ive c lsc . rsccr ta inment,  t ro- t ier  scrccning.  and Inst i tute of  lv lcdic inc
asscssnrcnt  nrethocio logy rverc cmploycd among 857 f i rs t  grade pupi ls ,
nrost  born rn 1993. Cl . raractcr is t ics ofchi lc l rcn rv i th FAS wcre contrasted
rv i th charactcr is t ics ofa ranclomiy selectcd contro l  group t iom thc same
classroorrs.  Physrcal  grouth and dcvclopment.  d l "srnorphology and psy-
chological  charactcr is t ics Lr f  thc chi ldrcn and rneasures of  matcrnal  a l -
cohol  use and smoking rverc analvzcd.  I {esul ts:  Thc rate of  FAS fbund
in t i i is  study is  thc highcst  vet  reported in any overal l  comntuni ty in thc
u'or lcL 65.2-74.2 per 1.000 chi ldren in the l ' i rs t  graclc populat ion.  

' fhese

raies are l l - l .1 l i  t i rncs grer tcr  than U.S. cst imates and higher than in a
previous cohort  stuclv in th is samc conrmuni tv ( ,10.5- .1(r . .1 pcr  1,000).
Dctai lc t i  r locurncnt l t ion oi  phvsical  fcatures indicates that  FAS chi ldren

in South Ai i ica have charactcr is t ics s i rn i lar  to those elseuhere:  poor
srowth ancl development, faciai and limb clysmorphologl'. and lou'cr in-
te l lectual  t i rnct ioning.  Frequcnt .  selcrc cpisocl ic  dr inking t t f  becr and
rvine is  common among mothcrs and larhers of  FAS chi lc l ren.  Their  i ives
are charactcr ized by scr ious fnmi l ia l .  socia l  and ccot tot . t t ic  chal lcnges.
compared *  i th contro ls.  f leav-" '  episodic maternal  dr inking is  s igni f i -
cant ly  associr tecl  rv i th negat ive outcomes ofchi ldrcn in the l rea ofnon-
verbal  inte l l igence but  even morc so in vcrbal  inte l l igcncc,  bchavior  lnd
overai l  dysmorphology (physical  lnonral ics) .  Signi f icant ly  nrorc FAS
cxists among chi ldrcn ofrvomen n 'ho rvere rur l l  residents (odds rat io:
7.36.95' /o conf idence interval :  L i l -16.52).  usual ly  arnong rvorkcrs on
iocal  farrns.  Conclusion:  A high ratc of  FAS rves docunrcnted in th is
communitv.  Civen socia l  and economic s imi lar i t ics and racia l  admix-
ture,  wc suspect  that  other communit ies in thc Wcstern Capc havc ratcs
that  a lso are t lu i tc  h igh.  ( l  Srra i .  . l lco ln l  66: .591-60,1.  1005)

TN A  PREVIOUS STUDY in  t he  commun i t y  i n  Sou th
IAtiice that was studied here, the f-ctal alcohol syndrome
(F.\S) rate arnong tirst graclers was 210.5-46.:1 per 1,000
(May ct  a l . .  2000).  J 'h is  rate contrasts wi th est imated FAS
rates of  0.3 j -2.2 in  the Uni ted States (Abel  and Sokol .  199 l ;
iVay ancl  Ciossage.2001) and wi th an average for  the de-
veioped wor id of  0.97 per  1,000 (Abel ,  1998:  Abel  and
Sokol .  1987).  ln  a few high-r isk Amer ican Indian reserva-
tion communitie s in the Unitecl States. the rate of FAS de-
nved f i 'on,  act ive case asccr ta inment  methods seldom
erceecls 10 per  1,000 (Abel ,  1995:  May,  199 1:  May et  a l . ,
1983). rvith an average rate of 8 per 1.000 from 1970 to
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ind ians (Clarren et  a l . ,  2001;  May et  a l . ,  2002) '  Passtve,

record-based systems and clinic-based methods that inves-

tigate FAS among ciients presenting for medical servlces

(e.g., in prenatal clinics) are most commoniy used in other

U.S. and European populations (Abel, 1995; Abel and Sokoi,

1987,  1991;Chavez et  a l . .  1988;  Egeland et  a l . ,  1995,  1998;

\4ay, 1996). Active case ascertainment for FAS studies was

endorsed by a study committee of the Institute of Medicine

(lOM) as the most accurate method for epidemiological srud-

ies of FAS. but such studies are logisticaily chalienging, ex-

pcusivc and timc consuning (Stratton et al., i996).

This arl icle surnmarizes a second active case ascertain-

ment inil iative in a first grade cohofi to assess the preva-

lence of FAS in the Western Cape Provir-rce (WCP) of the

RepLrblic of South Africa. Although FAS irad been diag-

nosed in South Africa before (Palmer, 1985), a first study

in this community was prompted by a binational (United

States anci South African) commission inrtlated by the vice

presidents of the tr.vo countries (National Institute on

Alcohol  Abuse and Alcohol ism, 1996,  1998).  An in i t ia l ,

conrprehensive inquiry in 1991 produced the highest ratc

of FAS ever repofied, more than 40 per 1'000, and raised

many issues regarding the exact  condi t ions produc-

ing FAS in South Africa and generaliy in hurnan popu-

lat ions (Adnams, 2001,  May et  a i . '  2000:  Vi l joen et  a l ' ,

2002).
Fruit, grape and wine production dominate the regton'

Wine production over the past 300 ycars has influenced the

modal drinking patterns. Wine was liistorically distributed

daily to workers as partial payment for labor, undcr what

was called the "Dop" systeln. Dop was outlawed by mul-

tiple statutes, and there is general public sentimelrt against

its practice, but residual patterns of regular, heavy episodic

alcohol consumption by some are a legacy. Furthermore,

increased contemporary availabil ity of inexpenstve com-

mercial beer, wine and disti l led spirits' primarily in "take-

au'ay"(carry-out)  sources and shebeens ( i l legal  bars) .

has maintained or exacerbated scvere drinking (London

et  a l . .  19951 Mager,  2004;  Parry.  1998).  Episodic dr ink ing

is a rnajor form of recreation among subsegments of the

WCP populat ion,  causing many problems (King et  a l ' '

2004).
T l re populat ion 01 ' the WCP is  3,121.200:  57oh "Cape

Colourecl" (mixed race), l8%, black, 25uz'o rvhite and l7u

of other races. Cape Tor"'n is the nlajor cit l ' .  but 40o/u ol

the population lives outside of the metropolitan area in small

towns anci rura1 areas. The study community is similar

in social and economic character to others in the Wine-

lands of WCP, with a 1996 population ol 45.255 (35.364

urban and 9.861 rural; Bureau of Census. 1997). The vast

nrajority are classified as Coloured. Coloured denotes peo-

ple in South Africa originating from intermarriage of

African tribal populations (parlicularly the ISoi and San)'

European whites and Asians (primarily Malaysians).

Method

Although indications that alcohol was teratogenic had

been raised earlier in Europe (Sull ivan, 1899; Lemoine et

a1., 1968), the diagnosis of FAS was lbrmulated by Jones

and Smith in 1913 (Jones and Smith, 1973), u'ith further

delineation in recent years (Aase, 1994; Aase et a1', 1995'

Hoyme et a1., 2005, Stratton et al., 1996; Rossett, 1980;

Sokol and Clarren, 1989, i995). FAS is a pattern of anoma-

lies and developmental deficits in children who were ex-

posed prenatally to large amounts of alcohol. Children with

FAS have a characteristic pattern of facial and body

dysmorphology and delayed physical growth and develop-

ment, as well as specific nrental and behavioral deficits

(Stratton et al., 1996). For a diagnosis of FAS. all three

categories of problems must be present (Stratton et al .

1996), and the diagnosis should be made onll' after excluding

other genetic ancl teratogenic anomalies (Hoyre et al., 2005)'

Even thougir an FAS diagnosis can be made without confir-

mation of matemal dnnking (Stratton et al., 1996), a detailed

matemal history is best to confirm gestational drinking'

ln this study, no atlempt was made to diagnose lower-

severity fetal alcohol outcomes, previously called "fetal al-

cohol effects." Currently these otlrer diagnoses are referred

to as "alcohol-relatecl birth defects" or "alcohol-related

neuroclevelopmental deficits" (Stratton et al., 1996) The

continuum of effects, from mild to severe' is called "fetal

alcohol spectrum disorder." Only the most definite diagno-

sis was used in this study-full-blown FAS/not FAS' Di-

agnostic components of the IOM were strictly used: (1)

facial and other dysmorphology, recorded using a quantl-

f ied checklist (see Hoyme et al., 2005). where high scores

indicate more features consistent with FAS; (2) dirninished

growth for age (occipitofrontal head circumference [OFC].
weight and height; (3) developmental delay (in intell igence,

behavioral functioning and social skil ls); and, i l  possible,

(4) confirmation of maternal alcohol consumption from ma-

temal or collateral sources.
Once data were collected and analyzed by independent

examiners for each component, a structured case confer-

ence was held (Figure 1) for f inal diagnoses (see Hoyme et

al., 2005). Every child with an FAS diagnosis met each of

the IOM criteria 1-3 above, and criteria for number 4 wcre

met in  Q0.6oo of  cascs.

Two-tier screening svstem

In the previous study in this community (May et a1'.

2000), dysmorphology, growth and developmental data for

more than 406 unselected first grade cirildren were col-

lected initially to provide norms for this particular popula-

tion relative to National Center for Health Statistics growth

charts and clinical presentation. The unique racial mixture

of the WCP necessitated this first step. For example' pre-

Ir_
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Asscssmcnt

Childrm susp€tql of
FAS = 86;
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Ft<'u*n L The Mcthodological Flow of the wave II western cape, South Afiica FAS Str-rdy

l iminary information suggested that the interpupil lary dis-
tance (lPD) and the inner canthal distance (lCD) in local
subpopulations were greater than U.S. norrns; and in many
children the proximal portion of the philtral columns were
smoother than found in America. Small head size is more
common in this population, but a child with isolated micro-
cephaiy (or another single trait) and no additional features
of FAS was diagnosed with microcephaly (or the isolated
trait). The growth and clinical data from the first stucly
lvere uti l ized primarily to calibrate the expectations of the
ciinicians and to set the cutoff criteria for Tier l l  screening
in all phases of the study (see below).

Four two-person teams (one expert pediatric dysmorpho-
logist and a physician being trained in FAS diagnosis) worked
rndependently but simultaneously, using standardized as-
sessment criteria. Twelve of the 13 elementary schools of
the comrnunity were accessed in both studies. The school
that declined parlicipation was a private, all-white school
with 60 first graders. IViore than 90%o of the children in the
study were Coloured: the remainder were black or white.
Reiatively low mobil ity of the local population ensured that
most of the study children underwent gestation locally.

In the previous South Africa study, cutoff points were
set to ensure capture of all FAS chiidren, and they were
used again in this srudy. In this sfudy, 863 (93.6%) of 922
children on the rolls in first grade classrooms had parental
consent to participate and received Tier I screening, where
height, weight and OFC were measured. If a child was at
or below the 10th centile on OFC and/or on both height
and li,eight, he or she was referred for a complete physical
examirration (Tier II). Two hundred and ninety-nine (34.9o/o)
children met these criteria (see Figure l). In our first study,
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one child with FAS lrom the community was not ln a stan-
dard school (<2o/o error), and in this study no FAS cases
were fbund out of standard schools.

Every child receiving a complete (Tier II) dysmorphology
screen was examined completely by twct of the physician
teams. E,ach two-member team measured OFC, palpebral
fissure length (PFL) and philtral length (PL) as well as
ICD and outer canthal distance. and examined other indica-
tors such as joint abnormalit ies. hearl function and palmar
creases. Findings were recorded, and physicians within each
team verif ied one another's f indings (the expert checked
those of t l.re trainee). A1l physicians were blinded from prior
knorvledge of the child and the mother. After one team
exlmined thern.  a second tetm repeated the exrminat iorr .
in terrater  re l iab i l i ty  was checked for  the expert  dys-
morphologists' (not trainees) independent measurements.
rouncle d to the nearest 0.1 cm, using the square root of the
Pearson corelation (r). Results rvere 0.86 for iCD, 0.92 for
IPD, 0.91 for PFL ancl 0.82 for PL. indicating substantial
reliabil i ty among experienced examiners.

Complete diagnostic sequence-case and control
identification

After the dysmorphology examinations, a child was as-
stgnedapreliminary diagnosis of not-FAS, deferred or FAS.
Only those with the classic FAS phenorype and measure-
ments were assigned a preliminary diagnosis of FAS. Chil-
dren with a defened diagnosis had the appearance, growth
deficits and some anomalies of FAS, but developmental
tests and matemal interviews were especially necessary for
final cliagnosis of these children. Children wrth a preliminary

VILJOEN ET AL.
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FAS or a defered diagnosis (n : 92) u'ere adr' 'anced to

developmetltal and prenatal risk assessment'

e .t.,itA witl'r a final diagnosis of FAS had sufficient

dysmotphology, was approximately two standard deviations

tllo* tn" ,_,.,.u,., on either verbal or nonverbal inteiiigence

quotient (lQ) tests, had substantial behavioral problems as

meorur..l by the Personal Behavior Checklist (PBCL) and

had conf-tmatior.r of prenatal alcohol consumption' ln less

than l0% ol.cases were IOM criteria permitting an FAS

cliagnosis u'ithor-rt confirmation of alcohol exposure invoked

(see below).
Corttrol children (rr : 1a6) u'ere randornly selected from

first gracle students u'ithout a preliminary diagnosis of FAS

or a dclerred diagnosis. Identical examinations and testtng

u,ere pet'formed on subjects and controls' Developmental

tests includecl Tests of the Reception of Gramnlar (TROG)'

Ravens Colored Plogressive Matrices and the PBCL-36'

providing measures of nonverbal and verbal iQ' cognitive

.skil ls and behavioral problems One hundred twenty-four

(84.9t%) of the randornly selected controls were located and

agleed to ParticiPate.

NIatarnal duta

The mothers of control chiidren became matemal con-

trols. Structured interviews contained items coverlng rcpro-

duction. alcohol use before and during the index pregnancy'

SES, demographic variables. nutrit ion' physicel status of

the mother and social context'

Protocols ut i l ized dr ink ing quest ions in  a T imel ine

Followback rnethodology (Sobell et al ' '  i988' 2001) de-

signed to elicit accurate reporting of alcohol consumed from

Uotn Oop and commercial sources (London' 2000; London

et al., 1998; Parry and Bennetts' 1998) Photographs of stan-

dard beer. wine and spirit containers and tobacco products

sold locall.v were shown to respondents for accurate assess-

ment of quantit-v. frequency. and variabil ity (Kaskutas and

Clraves.2000.2001).  A 7-day curent  dr ink ing log u 'as used

asabenchmark toca l i b ra teex tan tquan t l t yand l reque l ] cy
of clrinking and 1br accurate recall of drinking during the

pr.gnur,.y**ith the index child (sec May et al" 2000' 2005;

Vilten ei al.. 2002). This method is used because prenatal

drinking is underreported with direct reporling (Czarnecki

et al.. 1990; Jacobson et a1.. 199 I , 2002: Jacobson and

Jacobson. 199'1) unless ir.rformation is gathered through

unique questions. methods ancl contextual fratlreworks' sucli

as a'part of general nutrit ion screen (King' 1994)' Drinking

qu..i ion, followed nutl it ion questions All nlarernal inter-

views were administered by Afrikaans-speaking intervieu'-

ers in the fie1d.
Because mothers of FAS children often lead chaotic lives'

death or mobility obviated some interviews (Ma)' et al '

1983; Streissguth et a1.. 1985). Specificaily' 54 of the 64

mothers of the FAS children were contacted: 53 agreed to

be interviewecl. For the rcr.t 'raining 10' data were obtained

via col la tera ls  (usual ly  re lat ives)  Only one (1 '6%l of  the

64 case mothers was deceased, l ikely from tuberculosis'

Eight (12.5%) were nomadic or had moved from the area'

nr]*ing data were obtained from collateral sources on 9

of the 10 women not located All 10 of the children of

mothers not interviewed were in foster or adoptive piace-

ment (2 in an orphanage and 4 tl'ith relatives)' Maternal

data presented liere are focused primariii' on confirmatton

of matemal drlnking for case assessment/diagnosis' A de-

tailcd profi le and discussion of a varietv of maternal risk

fac to rs fo rFAS in th i ssc t t i nga reg i vene l sewhere (V i l j oen .
e t  a l . . 2002 :  May  e t  a l . . 2005 ) '  Fou r  (7 ' 5%)  o f  t he  53  t l o th -

ers ol chiidren u'ith FAS denied drinkinc during the index

p{egnancv. To ensure accuracy' tr 'vo dysmorphologists t 'c-

u,sit.d these four ciri ldren to rule out othcr allomalies and

to confim the diagnosis. After furtlter rcvicu' of all restl lts'

f ive (9.4%) chiiclren werc diagnosecl rvithout confirmed al-

cohol exPosure.
The maternal control group consisted of the I l6 motli-

ers of the randon-rly sclectecl control childrcn located alive

and agreeing to intervieu's' Of the 30 mothers l lot i l l tcr-

u ie*e l .  15 f l  0 .3%) u 'ere not  located '  3 (2 ' l%) refused and

12 (5.2%) had thcir children in lbster placernent'

Case conferencas /br .finrtl diugno'scs

Final diagnoses were made only aftcr case conl'erences

were held for each child. Results from dysmorphology ex-

aminations. developmentzrl testing and rnatemal inter-v' ieu's

(each domain completed by independent invcstlgators) were

prescnted at the stmctured case confercnce'

Dota anult 'sis

Data rvere entered and anall 'zed using the Epi lntb soft-

ware of the U.S. Centers fbr l) isease Control and Preven-

tion (Dcan et al.. l99zt) Catcgorical variables conrplring

cases r.r'itl.t controls lvcre analyz-cd by chi-squalc and Fisher's

cxact tests. Odds rarios (ORs) werc calculatcd in 2' x 2

comparisot.ts. Confidence interl'als for Ol{s lvere conlputed

for 95% confidcnce levels by thc Cornfield tecl.rnique For

continuous r,ariables. 1 teStS. ollc-\\,a)/ arralysis of vartance

ancl clif lercnce of proporliotrs tcsts (Blalock' 1972) were

used. In Table 4, Pear.sotr corelation coefficients are used

to comparc sclected variables' tr 'vo of which rvere uti l ized as

dummy variablcs (3 and 5 or l l lore drinks per occasion)' With

certain variables' cornparisons are made betr'r 'een subsets of

cases ancl controls. bascd on cunent drinking and smoking'

Results

As shown in Table 1 (data column l), of 863 children

examined, 50.8%o were maie. The overall mean (SD) age

, i
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-f.reL.s 
l. Demographic and grorvth paramcters for all sub-A (first grade) children, children wrth

Fr\S and randomly selected controls: Western Cape Community, South Afnca

Al l  sub-A Chi ldren Control
chi ldren wi th FAS chi ldren
(n :  E63) (n -  64) (n -  116) 7r  value

597

Variable

Gcnt lcr ,  '% nrale
Ase .  i n  mon ths .  n r can  (SD)
l le ight .  cnr .  mean (SD)
Wc igh t .  kq .  meen  (SD)
(  ) cc rP r t o t i on t r l  i l r cum Ie rencc .

cm. rncan (SL))
Palpcbral  t issurc lcngth.  cm.

n re  an  (SD)
P h i l r n r m  l c n r r t h  r n m

mean  {SD)
Sho r t  i l r t L ' r can t l r r l , l i s t r r t ce , ' ' ,
S l r on  rn t c rpun i l i r r v  J i s t r ncc .  I  u
Hypcractn,ity. 9i'
F i ne  mo to r . 0 /o
Hypopiast ic  mic i lace.  o i r
"Rai l road t rack" ears.  o 'o

Strabismus.9 ' i ,
Ptosis.91,
Epicanthal  fo lds.  '70

Flat  nasal  br idge,  9/o
Anteverted nostr i ls .  9 'o
Long philtrum. %
Srnooth philtmnr. 9/u
Narro* vermi l l ion border. ' l 'n
Prognathrsm. '1lo

l leart  murmur.{ l ' i r
L imi ted c lborv suprnat ion.  9 'o
( i l inodacty ly,  %

Camptodactl"ly, 9/u
Prr l r lar  crease al terr t ion. ' l 'u
Hypertr ichosis,9uo
Dysrnorphology scorc.

mean  (SD)
Foster care or adopted. ol,

5 0 . E
7 7 . 6  ( 9 . 0 0 )

I  l l . 7  ( 6 . 4 7 )
r  9 .  l  ( 3 . 8 i )

5 0 6 ( 1 6 7 )

16.9
7 8 . 5  ( 7 . 6 2 )
108  6  ( . 1 . 54 )
1 5 . 7 ( 1 . 6 8 )

1 8 . :  (  l . l 8 )

l . l  ( 0 .  l  , l  )

1 3 . 3 9  ( 2 . i 3 )

11 .9 \s"
76 -3 16.61 )  .046^

1 1 9 . 2 ( 7 . . + 7 ) '  . . . 0 0 1 / '

22 .6  ( : {  82 }  < . (X )16

5 1 . , 1  ( 1 . 6 - l ) ,  . : 0 0 1 r

l  6 (0.  1.1) , i  <.0r)  I  h

7 . 8
1 2 . 5
i . I
0 0

3 5 9
7. ti

2 1 . 9
60.9
50 .0

1 . 6
9 .1
6 .1

3 1 . 3

20.3
.10.6

3 . 1

14.0  ( .1 .3  l )
1 7 . 5

12 .58  (2 .04 )J
L . D

1 . 6
0 0
0 0
l 6
0 . 5
0 .0
t). t)

3  r . l
s 0
0 .0

1  5 . 6
2 2 . 1
2 . 5
0 .0
{J. t)
1 . 6

21.6

6
5 3
l 9
t 2

1 . 6
I 1  . 2
0 .E

< .001 "
< .00  l .

\s"

2 .2  ( 2 .68 )  < .001 / '
1  0 . 7  ! \ d  '

r \ ro1c.s:  rs = not  s igni i icant ;  "Zl  te5t ;  ̂ /  tcst ;  measurenrcnts at  t inrc of ' I ier  I  screen;  therelbre thev arc
cl i rect ly  comparable to a l l  other groups:  Jpalp. 'bml f issure length and phi l tmm lcngth rvas 7 nonths
ir l ier  exam ot 'c l . r i idrcn wi th FASi othcr  var iables arc agc-corrcctcd by percent i le.  ' 'OR -  1.76 (95' l1r
conf idcnce intcrual  [Cl ] :  0.68-.1.54) i  95 ' /o CI calculated v ia Corni lek l  technique.

rvas 6.5 years.  or  77.6 r .nont l - rs .  The chi ldren averaged 113.7
cm (3  f ' ee t . 8  i nches )  i n  he igh t .  u ,e ighed  19 .1  kg  (42  i bs .3
oz) on average ancl had an OFC of 50.6 cm. After thc
dysn'rorpl'rology examination, 28 children had a preliminarv
diagnosis of FAS, and 64 u'ere classified as def'erred. These
92. along wrth the 146 control children, were the subjects
of f 'urther research (see Figure I ).

Sixty-fbur of the school children received a finai dias-
nosis of FAS. Also at f inal diagnosis, f ive init ialty deferred
children rvere considered "sti l l  deferred" because of an in-
abil ity to locate them for testing. None of the control chil-
dren had FAS or indicators sufficient for deferral. ln Table
I (data columns 2 and 3), more FAS children and controls
lvere females (53.1% and 52.1Yo, respectivel_v) than in the
entire school population (49.2%), but the difference lvas
not statistically signiticant. The average age was 6.5 years
for FAS children and 6.,1 years for the controls. Height,
rveight. OFC, PFL- and aimost every variable used in the

clinical examination were significantly different betr,veen
subjccts and controls, inclucling total d-vsmotphoiogy scores
(121.0 vs 2.2,  p <.00 l ) .  I { igher  scores indicate more fea-
tures of FAS. The only variables not significantl l, ditferent
in Table I are peripheral to the dysrnorphologv examirtir-
t ion fbr FAS diagnosis: observations of gross hyperrctiv-
ity, f ine motor coordination, strabismr-rs. long philtrum (by

observation, alt l iough actual measurements did ditfcrt. prog-
nathism, Imited elbow supination, clinodactyly (usually of
the fifth finger) zrnd hyperlrichosis. More of the children
with FAS were in foster or adoptive placement (17.5% vs
10.7 %), a nonsignificant difference.

D ev e I op m e ntal indic ators

Scores on neurodevelopmental tests (Tabie 2) are re-
porled for two FAS groups and thc controls. One group
lvith FAS consists of chilclren rvith consistent and sevcre
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Teslr 2. Developmental and behavioral indicatorso of childrcn with FAS (by preliminary diagnosis aftcr dysmorphology exanl)

and randomly seiected controls

Finai  Dx FAS

Variable

Significance
ANOVA

Prel iminarr  Prel iminary
Dx FAS Dx Defened Controls

Child developmental ratts
Verbal IQ, mean (SD)'
Nonverbal IQ, nrean (SD)'
Bel.ravior, mean (SD)r

Total dysmoryhology score.
mean (SDlc

Matcmal dr inkrng
During pregnancy. %n
Cunent drinks/wcek. mean

( S D X
No. dnnks per

dnnking day.  mean (SDX

(n  :  28 ) ( n : 3 6 )  ( n  =  1 2 3 )
63.3  (6 .s0) .  73 .9  (8 .50)d  82 .5  (15 .20)  . t r :  15 .9 .2 /185 d f ,p  <  001
19.7 (8.2q't  83.2 (9.00) 84.6 (10.00) F:2.90.2/187 df.  ̂ -s (p - .0s7)
1s .3  (7 .60) /  12  9  (9 .00) ' i  6 .7  (6 .80)  F  =  21  0 '  2 i  185 d f 'p  <  .001

17.8  (3 .36)  12 .3  (3 .1  1 )  3 .6  (2  70)  F  -  1  19 .3 ,  2 t67  d f .  p  <  001
( n -  1 8 )  \ n - 2 2 )

91. ' t  12.1
(n  -  28 )

1 9 . 5 7 , : - 6 1 . 3 . p < . 0 0 1

2 1 . 1  ( t _ r . 9 6 )  1 0 . 2  ( 9 . 0 6 )  3 . 8  ( 4 . 6 6 )  F : 1 9 . 9 , 2 / 6 7  d f . p  < . 0 0 1

7.6  (5 .82)  1 .8  (3  80)  3 .0  (3 .63)  F  -  6  05 ,  2161 < t f  '  p  <  004

, \o les:  Dx:  d iagnosis:  FAS -  feta l  a lcohoJ syndrome: ANOVA = analysis of  var iance:  IQ -  inte l l igcnce quot lent . 'Al l  scores

standardized for  age of  chi ld at  t rme of  test ing:  bTests of  t l re Recept ion of  Gramrlar  (TROG).  '1test  s igni f icant l l 'd i f l i rcnt  f rom

both chi idren rv i th prel iminary d iagnosis ofdefened and contro ls.  s igni f icance <.002;dt  test  s igni f icant ly  d i f ferent  f rom contro ls.

s igni f icance <.02: , 'Ravens Colored Progressive Matr ices:  . /Pcrsonal  Behavior  Checkl is t  (PBCL-36) l  lof  those who report  t lnnk-

ing during pregnancy in a full intervlew.

enough dysmorphology for a preliminary diagnosis of FAS
(prior to psychological screening or maternal inter-view).
The second FAS group consists of children who have quali-

fying dysrnorphology but rvhose diagnosis of FAS was nlore

formaliy deferred until the case conference. Average IQ

scores were worse for children with FAS. Verbal abil ity

was significantly lower for both groups of children with

FAS as measured ( in  Afr ikaans)  by the TROG @ <.001).

The differences in nonverbal performancc \vere not as great

and not statistically significant betwcen the three groups,

although approaching significance (p : .057). The scores

of the controls and the deferred/then FAS group were qulte

similar. yet the prcliminary FAS group and controls dif-

fered significantly on nonverbal performance. Problenl be-

haviors u,ere highly divergent between both FAS groups

and controls. The importance of local population controls
is underscored by the data. as all children from this popula-

tion are perfbrming belor.r ' the norm of I00.
The overall dysmorphology scores, indicating severity

of physical deformity and lack of physical development.
fomr a spectrum in Ta6le 2. Children with prelirninary FAS

had the highest avcrage score of 17.8: the children first

dcferred had an average score of 12.3; and tl.re controls had

an average score of 3.6. Tltercfore, behaYiolal inclicators

and dysrnorphology were concordant in pattem. especially

regarding vcrbal  iQ,  behar, iora l  probien.rs  and tota l

dl,smorphology. Finally in Table 2, repor-ted lnatemal drink-

ing also supports the spectrum ol damagc associatcd with

both physical development and behavioral problems. The

mothers of children with prelirninary FAS repofted the most

drinking; the mothers of preliminarily deferred childrcn werc

intermediate, and the control mothers u'ere lowest on all

three maternal drinkins measures.

Maternal drinking and sntoking

Maternal  dr ink ing var iables (Tabie 3)  ind icate that

thc mothers of all children with FAS were l ikely to be

dr ink ing more at  the t ime of  t l ie  in terv iew.  Ful ther-

more, almost 90"k of all alcohoi consumed at the time of

the interview by both groups was on weekend days. From

tlre reference drinking level (currenl 7-day drinking log),

92.3oh of the case mothers reported drinking during preg-

nancy, and 88.7%-92.5oh reported drinking about the samc

amount throughout the trimesters. Among controls. 25.79'o

drank prior to pregnancy. and 13%-20?6 drank in the frrst

through third trimesters. The beverage of choice reported

by the mothers of FAS children (not in Tablc 3) was beer
(58.5%), follorvcd by wine (45.3%), and a feu preferred

dist i l led spi r i ts  (5.7%).  These percentages exceed 100

because several mothers reported more than one favorite

beverage.
More mothers of FAS children uscd tobacco at the time

of the interview (67.9oh vs 28.67o; OR - 5.29) and during

the index pregnancy (15.5% vs 26.8%; OR :  8.4 l ) .  By

American and European standards, horvever, smokers con-

sunred 1or,, '  weekly quantit ies: 21 .9-38.2 hand-rolled ciga-

rettes (l g oftobacco each).
Fathers of children with FAS drank heavily. Ninety-stx

percent of the casc fathers currently drink. conlpared with

13"/" of the controls. Drinking fathers of the FAS childrcn

consumed 84.6 drinks per month, compared with 47.5 lor

drinking controls. Fathers of children with FAS \vere more

likely to be reported as having a drinking problem than

controls (OR : 28.33) and to be farm laborers (OR : 6.55).

ln Table 4, zero-order correlations are presented on the

association between four drinking measures and specific



VILJOEN ET AL.

T.rele 3. Substance use by mothers and tathers of the children rvith FAS and randomly selected controls
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Vanable

iVlothers of
children rvr'FAS"

( n  -  5 3 )

IVIothers of
contro l  s

( n =  l 1 6 ) p.  OR (95% CI) / '

C u r r e n t c o n s u m p t i o n o n w e e k e n d s ,  l l . l  ( l l . l )  1 3 . 6 ( 8 . 9 )  0 . 9 ( 2 . 1 )  5 0 ( 4 . 2 )  W h o l e s a m p l e < . 0 0 1 /

Current  dr inker.  in l rs t  vear.  ̂ n

Current  use of  a lcohol ,  dr inks
last vreek, mean (SD)

Fr i . ,  Sat . .  Sun. .  mean (SD)
Percentage on weekends

Drank before pregnancy with
index chi ld,  7/

Did not drink or stopped
Drank dunng index pregnancy, -96

Drrnk Jur ing ls t  t r imcst t  r .  u u '
Did not drink or stopped
Drank during 2nd trimester, %,y'
Did not drink or stopped
Drank during 3rd trimester, Yy'
Did not drink or stopped
Current user of tobacco, 9./u

69.8 2 l . l < . 0 0 1 . .  o R  -  8 . 1 4
( 3 . 7 -  r 8 . 1 )

\Vholc Dnnkers Whole Dr inkcrs
sampie only sampic only
( n  - , s 3 )  1 n : 3 5 )  ( n  =  1 0 9 )  ( n  -  1 9 )

1 2 . 6  ( l i . l )  1 5 . 2  ( 1 1 . 2 )  1 . 0  ( 2 . 9 )  , s . 1  ( 4 . 7 )  W l i o l e  s a r n p l e  < . 0 0 1 r
D r i nke rs  on l v  < .001d

Drinkcrs only < .001d
88.1 89.5 90.0 92.6 Whole sample xs ' '

2 8 6

Dnnkers only'.is''
<.001c. oR - 3.+.76

( 1 0 . 6 -  r 2 6 . 3 )

< .00  r . ,  oR =  39 .71
(  1 5 .  l - 1 8 8 .  I  )

< .00 i , ,  oR -  50 .67
( 1 5 . r - r 8 8 . r )

<  001. .  oR =  30  03
(22.8- l  l  l .2 )

< . 0 0 1 . ,  o R  =  5 1 . 1 8
( 1 6 . 9 - 1 6 3  6 )

< . 0 0 1 , .  o R  -  5 . 2 9
(2 .s -  l  l  .6 )

92 .1

1 . 1
92 .3 r

92 .5
1 . 5

92 .5
1 .5
8  8 . 7
1  i . 3
67 .9

25.1

/ +  )
1 9 . 5

1 9 . 5
80 .5
l 3
ti6
l 3
86

Whole Smokcrs Whole Smokers
sample only,  sarrp le only
(n  =  52 )  ( n  -  34 )  ( n  -  99 )  ( n  :  3 i )

Cu r r cn t  usc r s .  quan t i t y  t obacco  21  . 5  \ 32 .0 )  3U .2  (12 .1 )  9 .3  ( 17 .1 )  27 .9  ( 19 .1 )  Who le  samp le  < .000 '
used each week,  g,  mcan (SD) Srnokers only xs '

Used tobacco dur ing index 75.5 26.8 <.001' ,  OR :  8. .11
pregnancy.  o% (3.7-19.1)

Tobacco use dur ing index
pregnancy, used same or more,
than current  use,  96 65.6 l1.2 <.001'

sample only sample only
(n :  49 )  ( n  =  l ' t )  ( r : 96 )  ( n  =  rO . ,

Drinks consumed by fathcr
du r i ng  i ndex  p regnancy  30  8 l . l  ( 81 .7 )  8 ,1 .6  ( 81 .7 )  34 .6  ( 45 .9 )  17 .5  ( 47 .8 )  Who le  samp le  <  . 001 /
dav, rnean (SD) Drinkers oniy < .002/

Fathcrs wi th dr inking problerns 36.2 2.0 <.001' .  OR = 28.31
in  pas t .  %  (5 .6 -19 i . 1 )

Fathcrs currcnt ly  havc dr inking 21.4 ,1.0 .001' ,  OR -  6.55
0 .6 -27 .7 )problcnr.  n u

Usuai occupation, %o fann laborer 3,1.6 12.1 .003c

iVrle.s: FAS = t'etal alcohoi syndrome; OR : odds ratio; Cl - confidence intcrval. 'Mortality and mobiliry reduced the numbcr of
avai lable mothers of  FAS chi ldren by 10,  see Method sect ion text  for  dctr i l5 ,  / '95no Cls calculated v ia the Cornf ie ld technique;
'X2 test // test; "difference of proportions test: /drank "less." the "same anrount" or "more" than use at time of intervierv: rlour

women did not admit to drinking dunng the index pregnancy, but reexamination confirmed a diagnosis of FAS.

outcomes. Verbal and nonverbal ability are, as expected, ported matemal drinking per day was during pregnancy,

negativeiy coffelated with the mother's drinks per month, the lower the child's IQ was, especially the verbal IQ. Prob-

drinks per day and reported eoisodes of three or f ive alco- 1em behaviors were significantly correlated with heavy

holic drinks per day. Verbal behavior is most highly cone- drinking mothers (r: .38-.40.1. The highest corelations were

latedwi thdr inksperdayonweekends ( r : - .31)andheavy found between dysmorphology scores and dr inks per  day

episodic ctrinking (r : -.35 for three drinks per occasion on weekends and two other measures of episodic drinking

and - .29 for  f lve dr : ,nks per  occasion) .  The more the re-  ( r - .60- .61) .
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T.qurr ,  ,1.  Pearson correla{ ion cocf f ic ients fot  developtrcntal '  and ph,vsi -

cal  , : i1 'smorphologv vcrsus selectcd tnatcrnal  dr inking me. lsurcs (n = l6 '1)

D r i nks  3d r i nks  5dnnks
Drinks Per daY on Per Per

per nronth weekends occasion occasion
f r a i t r r r r

thcrc l l 'as no need to con'ect fbr age. If the approximately

50 children in first graclc i ionr thc ail-rvhitc school that did

not parlicipate are added to the denominator, and if i t is

assumed that none havc FAS, the most collser|ative, jn-

school prevalencc is 65.2 per 1,000. Because no out-of-

school children were identif ied with FAS. the range of FAS
prcvalence for the comnrunity was 65.2-14.2 per 1,000.

Discussion

Active case ascefiainment of FAS thr-or-rgh popuiatioll-

based screening has rarely been repofted except for Ameri-

can lndran and Alaska Native populations (i\ ' lay. 1996: May

et al., 2002). J--urthcrmore. screerting of all children irr a
particular school or grade has been reporlcd nt onll, 1wo

oiher  publ ished studies (Clarren et  a l . ,  200 1,  May et  a i . .

2000), and one ol these u'as the previous studl' of this
pail icular South Af ican populalion.

Ac t i ve  case  asce r ta inmen t  i n  schoo l s  w i t h  sk i l i ed
dysnrorphologists. psychologists and materllal inten'icr,i c'rs

can effectively and efficiently idcntif l '  childrcn rvith FAS

in the particular age ransc fiom 3 years to the early tecns.

The interdisciplinary, multiple-domain, cotrtrol-grouP dtsign

describcd here produced r.l 'hat we bclieve is complete, accu-
rate and reliable knowledge of the prevalcnce and charac-
teristics of FAS. This study was rathcr unique becausc it
wrs populat iorr -hase, l :  conscl l t  lo  nanic ipate r r  as i  erv h igh:

the host community has a I 'ery high prevalence of FAS;

and there u,as relatively lor,r ' mobil ity anrong cascs of
lntcrest.

Limitations exist. howevcr. First. the diagnosis of FAS
is bcst made rvhen children are betwccn 3 and l2 years of
age. so matemal intervieu's carried out in this time frame

Verbal  abi l i t lh  -0.21i

Nonverbal  abi l i ty '  -0.21'

Beiraviot'/ 0.40i
D r . n ro rpho log r  se  o re  0 .51 i

'All scores standardized ibr agc of child at timc of tcsting, i'Tests of the

Recept ion of  Grammirr  (TROG):  'Ravcns Colorcd Progressive Matr lccs;
r l 'ersonal  Bchavior  Checkl is t  (Pi lCL-36).
*7r < .()5: i2 < .0 I ; i1r '< .00 i .

Lirbanirural distrihution attd pret,alence of FAS

The mothers of FAS childrcn were much nore l ikely
than the controls to have resided in rural areas during ges-

tat ion of  the index chi ld  (66.0% r ,s  20.9ok;  OR :  7.36:
Table 5). 1'hey also \\ 'ere rrore l ikcly to be farm \vorkers
than the controls. The urban/rural distribution of FAS cases
(Tablc 5) also u'as tested against the overall residence pat-

tern through indirect standardization (Barclay, 1958). Be-
cause 66.07u (n : 35) of thc FAS cascs underwent geslation

in thc rural areas, this is a significant dcparture from ran-
dom dist r ibut ion Q- l  <.001,  OR:5.42) ,  as only  26% of  the
population l ived in rural arcas.

The prevalence of FAS among childrcn screened was

74.2 per 1.000. or 69.4 if all 922 l irst gradcrs in public

schools are used as the dcnominator (Table 5). One child
u'ith FAS il 'as u,hite. as were three controls. rnaking this
rate the predominantly Coloured'black late. 

'Ihere 
were feu'

older children in I-trst grade in this study cohort: therefore,

- 0 . 3 1 I
-0. I  9*
0.40r
0.601

-0 .35 ;
-0 .  I  8*
0 .3  91
0 . 6 1 i

-0.2s;
-0.20*
0 .3  81
0.60i

T.rr ; r  r  5.  Distr ibut ion of  FAS cases bv rural  and urban calculatcd f rom intenies 's and bv indirect

standardizat ion and overai l  prcvalcnce ofFAS

Variablc

Nlothe rs of N.'lothers of
chi ldren contro l

u i th FAS" chi ldrcn
( n : 5 - 1 )  ( n :  l 1 6 )

P .  OR
(9,s9;  CI) t

l {cs idcnce dur ing tnder
pi'egnancy. fronr inten'ieu' (o,|)

Iturai
Urban

Residcncc ol '  FAS r .nothers ( indirect

stantiartijzation bv fiequency' )
Actuai
Prcdicted

Prer a lcnce rates
) st grade clrildrcn scrcenetl
I  s t  gradc chi ldrcn per a l l  enrol ied

i n  l 2  schoo l s
I  st  grade chi ldren pcr a l l  enrol led

in a l l  schools

66 .0  ( a  =  35 )  20 .9  ( n  =  28 )
3 4 . 0  ( n  :  I  8 )  7 9 . 1  ( n  -  8 7 )

Rural  Urban
35  l l i
l .+ l9

74.2 per i .000

69.:1 per 1.000

65 .2  pe r  1 .000

< . 0 0 1 , .  o R  -  7 . i 6
( 3 . 3  r - 1 6 . 5 2 )

< .001, .  oR -  5 .42
( 2 . l f i -  1 3 . 6 9 )

Atrcs:  FAS :  feta l  a lcohol  syndrome: OR -  odds rat io;  Cl  :  conf idence intenal ;  NS: r lot  s igni f icant .
,Mortaiity and rnobility rcduccd thc number of available mothers of FAS children by 10. see Method
section lext for cletails; ,95% Cts calculated via thc Comficld rechnique; 7,: test.
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are challenged by recall. We used Timeline Followback
and 7-day drinking logs of current consumption to cali-
brate rcporting, retiesh memory and estimate alcohol con-
sumpt ion  t l unng  i ndcx  p regnanc ies .

Seconcl. a study such as this depends on the honesty ol
mothers--a problem that has presented challences else-
where. In South Africa. however. mothers interviewed are
highly fbrthcorning, and we have conficlcnce in infbrma-
tion obtained fiom 90% of those interviewed.

Third, the fact that one private, all-white schooi did not
participatc in this study leaves a gap in our knorvledge of
the whole comrnunity. as I I of the 13 schools in the com-
muniq/ are predominantly Coloured. In the one public pre-
dominantly rvhite school pafticipating in the srudy, only
one white child was diagnosed rvith FAS. We suspect that
the rate of FAS among rvhitcs in South Africa is low. but a
larger  sample of  whi tes is  desi rable.

Fourlh. generalizing from the conditions in this small
South Atrican town may be diff icult. How comparable is
the situation to that in other countries. populations and races?
We suspect that it is highly generalizable to other torvns in
the WCP and to some other parts of South Africa (Vil joen
et al.. 2003). Unique historical and socioculrural conditions
in South Africa may limit the broader generalizabil ity of'
some f indings.  l ror ' i  er  er .

Child characteristics ancl their inplications to a .\pectrmn
o./ e./Ject.s

Even though the tocus of this str-rdy was cxclusively on
fi,rl l-blown FAS, a spectrum of severity cmerged from the
process ol screening and diagnosis. Forty-four percent were
co r rec t l y  be l i eved  to  have  FAS a t  t he  t ime  o f  t he
dvsmorphology examination, even before psychological test
ing and maternal interviews. The remaining 56% had physi-
cal symptoms that were less severe (e.9., a lor,ver total
dysmorphology score), and their prclir l inary diagnosis rvus
lcss definite at the dysmorphology examination. This pat-
tem of f indings has occurred in our other freld trials and
has led to an improved operational dcflnit ion of physical
features ol fctai alcohol spectrum disorder (f loyme et al.,
2005). In the adicle, we have aggregated data for the chil-
dren by preliminrry .iysmorphology diagnosis r.r,hen pre-
sent ing the f ind ings on the developmental  tests,  which
il iustrated that physical anomalies are associated signifi-
cantly with IQ and development. The rnore severe the
dysmorphology is, the poorer are the IQ (especially verbal)
and behavior. Furthermore, this spectrum is clearly associ-
a ted  w i th  d r i nk ing  sevc r i t y .

Implications of the prevalence rtndings

lvluch drinking in this community is hcavy episodic
dr-inking. with alcohol consumed primarily on weekends.

On weekends. the women and men on the farms frequentll,
have means to purchase alcohol and unencumbered time to
consume it heavily. Fridays are paydays. Thus. even though
the current drinking quantit ies reported bv subjccts are not
outrageously high in absolute quantity. when compared with
heavy drinking in the United States (May et al., 2004).
most attention should be paid to the episodic naturc of the
drinking and the large tlilJerential betrveen subjects ancl con-
trols. Subjects drink more than controls, drink rapidly and
dnnk heavily in an episodic fashion. Given their small bodv
size (see NIay et  a l . ,  2005).  h igh b lood a lcohol  concentra-
tions are produced (Khaole et al., 2004). Furthermorc. it is
clearly shown here that mothers of childrcn with FAS clo
not quit or cut down cluring pregnancy. Drinkers in tl i is
study are more prone to episodic drinking during pregnanc.u'
than U.S.  women (Tsai  and Floyd,  2004).  Case n iothers
drank sufficiently to produce cases of FAS as severe as
anv we have experienced anvwhere in the United States. In
two recent arl icles (May et al., 2004, 2005), we have pre-
sented evidence of specific cofactors that combine with epi-
sodic drinking in this WCP torvn to produce FAS. Low
SE,S and the despair of poverty and powerlessness are cer-
tainly overarching factors. As presented in our other ar-
ticles. specific and quantif iable measr.rres of poverty and
despair are (1) poor cuffent and lifelong nutritron and (2)
multiple generations of f-etal alcohol exposure. Episodic
drinking was documented, along rvith poor nutrit ion, small
maternal body size (providing less nrass to which the alco-
hol can be distributed) ancl the social and economic dospair
endured by some South African Coloured w'omen (see also
May et  aI . ,2000;  Vi l joen et  a1. ,2002).  These f inc l ings conr-
bine to produce very high rates of FAS in this cclmrlunity.
Most of the children were born in 1993, one yelr bcforc
t h ^  - - , - l  ^ f  . ^ . * 1 " - ; . 1u r  s | , a ,  r , , \  ' u .

Because of past apartheid policy (enforccd scgregrtion
by ethnicity), darker-skinned peoples are overepresented
in lowel SES, as is clearly reflected by the concentration of
cases in the poorer, rural areas. All but one of the children
with FAS was Coloured, and those with the lorvest SE,S
indicators were overrepresented. High ratcs also exist in
other low-SES, urban areas of South Africa (Vil joen et al.,
2003), but rates publishcd to date for those areas are no
higher than 20 per 1,000. The legacy of Dop is intluential
in the drinking pattem and in a very high rate of FAS. The
fact that FAS was more common in the mral arcas may
retlect higher SES rmong urban dwellers, or urban areas
may simply provide escape from extremc povefty and a
heavy drinking social mil ieu/culture. Other recreational
activities are availabie in town that do not involve alco-
hol to the same degree. Clearly, residing on .rome of the
fruit and wine-producing farms is a grave risk factor, as
severe episodic dnnking is perpetuated by norms within
a context ol despair. Prevention is most needed in rurai
environments.
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Why is the rate of FAS increasing/

The rate of FAS in this second study in this commurufy

is another record rate for any functional community (65-14

per 1.000) to date. It is 60% higher than reported in our

previous South African study (40.5-16.4 per 1,000) of an-

other col.rort born 2-3 years earlier (May et a1., 2000). There-

fore, the increase in an already alarming rate is cause for

concern. Much of this increase in rate is likely rea1, be-

cause similar, although slightly refined, methods of diag-

nosis were used. There was also minimal change in the

population composition through migration, sociai and eco-

nomic improveirent or other forces. It is possible that there

was among our physicians some increased sensitivity to

and familiarig with the recognition of subtle clinical fea-

tures of FAS in this population and to the fact that FAS is

very prevalent locaily. But the psychoiogical/developmen-

tal and matemal data provide verification that FAS diag-

noses are accurate.
Some of the increase in the FAS rate might be attributed

to liberating social changes and an increase in the supply

of commercially available aicohol. Both cohorts of chil-

dren studied thus far underwent gestation during the weak-

ening of the apartheid era, which officially ended in 1994.

Therefore, change in individuai freedoms has affected the

Coloured and Black population, and social liberation seems

to have resulted in increased quantity of drinking in indi-

viduals or small subsegments of the population. To exam-

ine this hypothesis, we reviewed average drinks per drinking

day reported by the control groups in the 1997 study and in

this later study (1999-2000). The average number ofdrinks

per drinking day was indeed higher among the controis in

this study, as it went from2.2 per day in 1991 to 3.0. On

the other hand, some other variabies of drinking quantity

and frequency among controls in Studies I and II have pro-

vided mixed changes. Nevertheless, the daily consumptlon

data and our observations lead us to beiieve that much of

this increase in FAS is real.

Comparison of these.findings with those of other studies

The results of previous studies have provided insight

into the epidemiology of FAS, paralleling our findings here.

Population-based, clinic and laboratory studies all indicate

that major risk factors for FAS are associated with the

mother's individual characteristics, her envirorunent and her

social milieu. Specific traits-such as advancing maternal

age: high gravidity and parity; and the quantity, frequenc,v

and timing of dnnking during gestation-are all important

explanat ions for  the prevalence of  FAS (May'  1995:

Streissguth et a1., 1985). All of these risk factors exist in

some South African women with a rapid and severe drink-

ing pattern that produces a very high blood alcohol con-

centration (Khaole et al., 2004), and drinking persists

throughout pregnancy in mothers of FAS children. Further-

more. SES is a rnaior risk factor in both tire United States

and South Africa (Abel, 1998, 1995: Abel arrd l{annigan-

1995;  Bingol  et  a l . ,  1987,  Vi l joen et  a l . ,  2003).  These var i -

ables, however, have rarely been studied simultaneously in

nonciinic popuiations. Rather. passive case ascerlaintnent

methods are commonly used with existing data sources tl-rat

are frequently incomplete and selective (Ciravez et al., 1988;

Litt le et al., 1990; Pierog et aI.. 1919). The proactive neth-

odology used in South Africa has yielded rich epidemio-

logical data useful for prevention. Furthermore, as of the

completion of this second wal'e of research in this commu-

nify, these studies have identif ied 1 l0 "gold standard" cases

for furlher research and for clinical services.

Unlike one previous study of a vcl] high rlte in an

Indian community in Canada (Robinson et al.. 1987). this

South African community is economically and socially

stable. As an established community u'ith a vlable economy

undergoing moderate rates of modemization. such a high rate

of FAS is an extreme public health concern. F-urlhermore' a

large number o1 mothers in this corrimunity give birth to chil-

dren with FAS (approximately 69 per i.000 of childbearing

age), rather than the relatively small number o1'U.S. women

(0.3-3.3) u'ho bear one or more children u'ith FAS (Abel

and Sokol ,  i987;  May and Gossage,  2001;  Stre issguth et

a1.. 1985). The reasons for such a high rate are lbund in the

socioeconomic milieu, individual drinking patterns' subcul-

turai drinking norms and other cofactors of risk.

in a departure from the U.S. l i teraturc, therc was no

significant difference in cases versus controls in the per-

centage of children in foster or adoptive placcment' hr the

United States. a rnuch higher percentage of children with

FAS are not raised by biological parents (May et al., 1983;

Stre issguth et  a l . .  1985).

Pret,ention

Comprehensive. community-wide prel'ention programs

are needed in this area and in other to'uvns and rural areas

of WCP. With a snrall amount of money available in Sor'rth

Africa for public health, however. and with other pressing

needs (e.g., tuberculosis and HIV/AIDS). it is unlikely that

weli-funded, comprehensive prevention init iatives wil l be

undertaken utilizing South African resources alone. Models

of comprehensive prevention exist in the literature (Stratton

et al.. 1996;May. 1995). which can be applied to this problem

Thus, it is imperative that the high rate of FAS gain the

attention of intemational groups and other resource-bearing

constituents. The implications of this stud.v and its findings

may be important for other parts of the developing world.

Conclusion

This article adds to the knowledge about FAS in a very

high-risk population, in many wavs confirming facts already



understood in any human population. For example, severe
episodic drinking is the pattern of drinking that leads to
FAS in low-SES populations, and maybe in any popula-
tion. This study provrded a unique opporlunity to employ,
test and refine epidemiology research methods applicable
to almost any population. Furthermore, psychological test-
ing, interview and diagnostic methodologies are relevant to
studies of other populations and culfures. In many ways,
the South African studies have opened a new era in the
study of FAS. Similar studies are currently under way in
other parls of South Africa, in Washington, D.C., and in
I ta ly .
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A R T I C L E

Alcohol Consumption and Other Maternal Risk
Factors for Fetal Alcohol Syndrome among Three
Distinct Samples of Women before, during,
and after Pregnancy: The Risk ls Relative
PHILIP A. MAY,* J. PHIIIIP GOSSAGE, MARY WHITE.COUNTRY, KAREN GOODHART,
SARA DECOTEAU, PHYLLIS M. TRUJILLO, WENDY O. KAIBERG, DENIS L. VILJOEN,
eruo H. EUGENE HOYME

Data were obtained f rom three samples of women of chi ldbearing age. One sample of women is f  rom prenatal
cl inics serving Plains Indian women. The second sample is of women f rom the Plains whose chi ldren were referred
to special diagnostic developmental cl inics, as their chi ldren were bel ieved to have developmental issues
consistent with prenatal alcohol consumption. The third sample is of women from South Afr ica, each of whom
has given birth to a chi ld diagnosed with ful l  fetal alcohol syndrome (FAS). Data across samples conform to
expected trends on many variables. For example, the maternal age at t ime of pregnancy, a major r isk factor for
FAS, ranged f rom a mean of 23.5 years for the prenatal cl inic sample, to 23.8 years for the developmental cl inic
sample, 1o27.6 for the sample of women who have del ivered chi ldren with FAS. Other variables of maternal
r isk for FAS expected from the extant l i terature, such as high gravidity and parity, binge drinking, heavy
intergenerationaldrinking in the mother's extended family and immediate social network, and length of drinking
career, were compared across the three samples with variable results. However, normative measures of drinking
problems are unrel iable when reported across cultures. An unexpected f inding f rom this three-sample comparrson
was the dif ferential r isk found when comparing U.S. women to South Afr ican women. Women in the U.S. Plains
Indian samples report a high consumption of alcohol in a binge pattern of drinking, yet there is less detectable
damage to the fetus than among the South Afr ican women. Body mass index (BMl) and l i felong and current
nutr i t ion may have a substantial impact, along with the above factors, in relat ive r isk for an FAS birth. The level of
r isk for producing a chi ld with FAS is inf luenced by environmental and behavioral condit ions that vary between
populat ions and among individualwomen. Also, because many syndromes are genetical ly based, there is a need
for ful l  behavioral and genetic histories of the mother, family, and chi ld being studied. Collect ing extensive
behavioral information as well  as genetic histories wil l  provide the requisite information for making an accurate
diagnosis of FAS. @ 2004 Wiley-Liss, Inc.

KEY WORDS: fetal alcohol syndrome; alcohol; prenatal binge drinking; American Indians; South Afr ica
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INTRODUCTION

Fetal alcohol synclronre (FAS) has been

fbund to occur in :ill hlul:rn racial and

cthnic eroups [Abel, 1995]. Estimates of

the prer.alence of FAS ranse fronr 0.5-

2.0 pcr 1,0(X) births in the LJnited States

lM:rv and ()ossage, 2(X)1]. A revieu' of

studies in Arnerican Indian groups, often

citcc'l as high risk, has deternrinecl thrt

the nte of FAS :rrnong Anrerican lndi:rns

renses  be t rveen 
'1  

.0 : rnd  8 .97  per  1 , {XX)

births [L)uir lstrr et :r1.,  1993; May et al. ,

2(X)2]. A rvorld recorcl rate of FAS
(39.2-16 .1  per  1 ,000 b i r ths )  has  been

A worlil record rate of FAS

(39.2-46.4 per 7,000 births)

has been reportedfor chililren

in South Africa.

reported fbr chi idren in South Afi ica

[Mry  e t  a l . ,  2 (XX) ] .

Tlre temr-fttnl nlrohril. s),ndrL,me wts

first usecl r,vhenJones and Smith [1973]
encl Joncs et al.  [1973] describcd al l  of

the rnajor nr:rlfornrations and disabilities

in oft lpr ing ofalcoholic nrothers, nrak-

ing FAS r topic of medical and social

concern. Prior to this, incl icat ions that

alcohol was teratogenic r,vere not flre-

quently recognized or were generally

is ro red  lAbe l ,  19981.  But  Su l l i van

[899], a physician rvorking in the

;rr isons of London, described some

features of FAS (including rnental retar-

clrt ion rnd convulsions) rnrong chi ldren

of tenrale :r lcoholics rnd described the

nrechanisrn of darnage as prenatal :rlco-

I to l  c rp , rsurc .  Mut 'h  l . r t c r .  Lc r t to i r te  e t  . t l .

[19(rt3] described :rbnormal teatures in

127 oflspring of alcoholics in France.

These abnornral leatnres rvere later in-

dependently c:rtalogued by Jones and

Snrith [1973], and the cl iagnosis of FAS

\\':rs crcatcc'I. It is likely that FAS has be en

conunonly nrisdiagnosed throughout

t l ' re rvorld lLit t le et al. ,  1989; Abel,

1995; Karp et al. ,  
. l  
995; Inst i tute of

Med ic ine ,  19961.

FAS synrptonis fall into three nrajor

clteqories: 
'1) 

a charlcterist ic pattern of

facial lnonral ies snch as short palpebral

fissures and :rbnormalities in tl-re pre-

rnaxi l lary zone; 2) evidence of grorvth

retardation-lorv birth rveight for gesta-

tional age, deceler:rtingrveight over tirne

not due to nutr i t ion, and dispropor-

t iorrr l  lorv rvcight ro hcighr: an.l  .3.1

evidence of central nervous systenl

abnornr:rlities (e.u., nricrocephaly) and

neurologicll hard or soft signs flnstitute
of Medicine, 199(rl .  Ful l  FAS can be

diagnosed r'vith or lvithout confirmation

of alcohol exposure. Furtherrnore, the

Insti tute ofMedicine ( lOM) comrnittee

described partial FAS" with confirmed

alcohol exposure. Also defined were

alcohol-related birth defects (ARBDs,

the physical defects) :rnd alcohol-related

neurodevelopnrental disorders (ARND$,

which evidence central nervous systenr

damage rnanifestecl by either structural

brain or neurodeveloprnental/behavioral

abrrornralities. Children with ARIIDs

and ARNI)s do not have the fu1l synd-

rome, but the specific synrptonls of these

classific:itions have been linked to pre-

nr t l l  . r l t  oh t r l  cxposr r rc  by  rcscr rc l r .

Thc ic  l r t c r  t l i rgnr l i t i c  r 'a tcg( ) r i c \  r ) )u \ t

bc- linkecl to confirnred alcohol exposure

in each part icular chi lcl  [ lnst i tute of

Mcc l i c t r re .  l ' ) ' )61 .  I -hc  c r r t i rc  r r r l y  o1 '

letal alcohol dirgr.roses is currently cal led

fetal alcohol spectrum disorder (FASD).

Prenatal alcohol darrrage in chi ldren

varies trenrerrdously rvith QFT: qudntitl,

of alcohol consumed, ;frcqrcnry with

r'vhich it is consumed, and tlnrirlg of the

consurnption to tl're gestational age of

the fetus [Ma1', 1995]. The QFT ancl

indivic'lual characteristics of e:rch 111other

influence both level and rype of darnage

in the fetus. Heavy and frequent doses of

alcohol in the first trimester affect the

facial ancl structural features; sponta-

neous abortion rates are heightenecl by

drinking dr.rring the seconcl trinrester;

and gror'vth is afTected in the third trinre-

Ileauy ilrinleing at any time

thnoughout the pregnancy cdn

cLus e neuro deuelopmental,

intellectual, anil b ehauioral

ster [Lit t le and 
'Wenclt,  

199 l ;  I{usse],

1991; Abel, 1t)951. Heavy drinking at

any time throughout the pregnancy carr

c:ruse neurodevelopnrent:rl, inte1lectual,

and beh:rvioral problerns ['West and
(loodlett,  1990; Pierce and'West, 19f3(r;

Abe i ,  19951.  H igh  b lood a lcoho l  con-

centrat iorrs (BACs) cause nrany svnrp-

torns of FAS, nraking hear,'v, sporaclic

drinking a prinre r isk factor IPierog et ai. ,

1979; Maier and 
'West, 

2(X)1; Vi l joen

et al. ,  2002; Kvigne et al. ,  2()031.

As alcoholisnr ancl FAS cluster in

certain families, heritability, :rnd there

lbre some genetically detern-rined suscep-

tibiiiry factors, are issues to be erplored.

l lut to date only one iclenti f iable senetic
protective factor has been linkecl to FAS.

A n r o n g  l i v c r  i s o c r r z y r t t c  p , t l y t t t t t t - -

phisnrs, one pattern of al leles, alcohol

dehydrogenase (ADH) 2*2, has been

suggested as protective. This pattern is

relatively rare, yet is found in a higher

proport ion of control mothers and their

children in South Africa than :u'non!l

rnothers of children with FAS. Mothers

of children rvith FAS are nrore likeiy

to have the ADH 2*1 pattern [Vi l joen
e t  a l . , 2 r ) 0 1 1 .

The prirnary cause or r isk lactor for

FAS is consunrption of large quanti t ies

of alcohol, usr-rally in a heavy, episodic

(binge) pattern, during a r,voman's preg-

nancy. Past :rncl recent studies have

ider r r i t l cd  . rdL l i r ionr l  l i sk  f rc to ls  .u ro l r€ r

women r'vho give birth to children rvitlr

FAS: advanced maternal age, high grav-

idity and parity, unm:rrried status, use of

tobacco and other drugs, lo."v socio-

economic status (SES) indicrtors (such as

lorv education, unski l led job classif ica-

tions), lo'uv levels ofreligiosity, and coha-

bitation with a heavv-drinkins male

[Sokol et a1., 19fJ0, 19t36; May et al. ,

1 983; AbelandSokol, 1 9t36; Darrowetal. ,

1992;  Abe l ,  1995;  Abe l  and Hann igrn ,

19c)5; l la5Sheri et al. ,  1998; Astley et al. ,

200tla,b; Vi l joen et al. ,  2(X)21.

Given our ongoing research eflorts

on FAS amon€l Anreric:rn Indians lnd in

South Africa, r,ve thouqht it rvould be

instructive to exirnrine these variables

2lcrross three samples of rvomen rvhom

u.e thousht would be easily categorized

as lorvest to highest risk f<rr producing a

child lvith FAS. In other rvords, fronr

problems.
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\vonren :rttenc'ling prenrtrl clinics tcr
those r.vho had sivcn birth to r child
rvith FAS lvould theoreticalll' fomr r
cor.ttirtLrunr lrorn lorv to high risk.

METHODOLOGY

A l . r r {c  FAS cp i r l c r r r io logy  . r r rd  p rcvcn .

t ion studv is under rv:rv in col laboration
n'itl.r Incli:rn tribes ofthc Northern Plains

ofthe United States. The f lrst trvo sets of
cl:rt:r conre fronr this study,. The pn:ndtnl.
t I i t t ic s tt n ry I t' ori sin:rtes lionr Indirn H ealth
Service (IHS) cl inics. In the 1990s the
Abercleen Area IHS bcqan rssessing thc
r:sc oftobacco, alcohol, and other drugs
vir a brief self-adnrinistered question-
nairc (SAQ) l l lad Hart Bul l  et;r1.,  1999]
end l vrriation c:rllccl the pretratal

r l i l ( ' \ l i ( )nn . t i rc .  fhc rc  t \ \ ( )  ( lUc \ t io l ) t ) . l i f c \

:rre:rbout 80% simil :rr.  Wonren Wpical ly
f l l l  out these qucstiolrn:r ires cluring their
f irst visi t  to IHS prenatal cl inics. The
nr:ijority of the r,vomen visitecl the clinic
in tl-reir flrst trin'rester. The cluestion
naires are revie'uvec'l bv IHS staff ancl used
rs tools lor :r healthy pregnancv. SAQ
ciata rvere collected fronr those wonren
rvho presented:i t  prcnatr l  cl inics in threc
tr ibal conrnrunit ies. I)ata fronr 840 an-
()nyrrrous SAQs rvere analvzed. L)ata
u'ere missing from :r variety of v:rriables
on sonre ql lest iol lnaircs; hence, there is

vuri :rnce in sanrple size across lnalvses.

These onrissions ntf,y lttcan that these
women r.vere hiding their use of these
substrnces, particularlv alcohol, or sirnplv
incl icl te a br.rsv cl inic schedule. The data
rvere nrerged into a single set resulting in
:r us: ible sample of 755.

Tb,e duclopntental clint snnrplc ori-
ginates fronr a broad Nationrl  Inst i tutc

or1 Alcohol Abuse and Alcoholisnr
(NIAAA) funclec' l  epidenrioloeic study,

u'hich uses :ictive crse rscert:rinntcnt lor

iclentifl'ing c:rses of FAS [Lrstitute of
Medicine, 199(r; May and Ciossage,
2(X)11 through outreach in entire Plains
Indian comnrunities. Edrlcrtor-s, c()ni-
nruuity he:r l th rcpreselrtrt ives, and
Ut l tc r :  . t r t '  t r l i r rcd  to  r ( ' ( ( ) { t ) i , / c  \ \ ' n lp -

tonrs of FASI) :rnd to reler children enc'l
nrothers to spccial developntcntal

cl inics. ( lhi ldren rvith a previous cl i :rg
rrosis of FAS or other FASI)s, those in
the c:rre of social service agencies, and

children having dif f icult ies in school or
rvho luve bchavioral problenrs are the

bulk ofthe relbrrals. An interclisciplinarv

teanr examines each child for thc firll
l rngc  o I  r l y ' r ro r -p l ro l t rgy  . r r rJ  kn , r rvn

birth defects, IQ, l i fe ski l ls, and neurop-
s1'chology. Mothers of these children are
intervieu'ed about prenatal experience
r,vith the index preenancy, other pree-

nancies, diet,  nredical history, social and
den'rographic condit ions, and consunrp-
t ion of alcohol durirrg pregnarrcl ' .  Data
are evaluated for a cliagnosis of FAS,
part id FAS, Al{ l l l )s, ARNDs, ancl/or

ar)other ;rroblcnr, or norntl l  l lnst i trr tc of
Medicine, 19961. Randornly selectecl
nornr:rl childrcn and their rnothers are
also exulinecl and intervierved ts
rnatched case-controls, lbut controls ale
not consistently inclucled in this papcr, ls
the ernphesis is on conrparison across
popul: i t ions. When this papcr was pre

pared, 133 \,vomen l-racl been inter-
vieu,-ed by one author (P.M.T.) in our
clevclopnrental clinics. The clevelop
rnental clinic sanrple is therefore thc-
gror.lp we envisionecl as having inter-
n-rediate n1:i ternal r isk, as 11% of their

children rverc lirund to have FAS or
part ial  FAS. Sonre had diagnosablc

ARllDs or ARNDs, and others were
fbund to be rclatively to completely
nornral.

Thc Sorrtft Afritan -uruplc ofnrothers
consists onlv of thosc woillelr r.vho h:ive
given birth to a child rvith FAS. In the
South Afi-ica stucly, a two-tiercd process
in elenrentary schools identi f ied chi l-

clren r.vith FAS. All children in first-
gracle classroorns of conrrnunity elemen-

tary schools werc- screened 1or height,

r.veight, and hcad circurnference (()FC),

and thosc l t  or belor,v the 1Oth centi le on
both of thc first trvo variables :rnd/or on
tl.re third received r fi-r11 dl,snrorpholog,v/

birth clefects screening, inclucling physi-

cal,  IQ, behavioral,  ancl neuropsycholo-

sical nreasures IMayet a1., 2000; AcLranrs

e t  a l . , 2 0 0 1 1 .  I l i o l o e i c a l  m o t h e r s  o r
gtrardi:rns of those chi ldren and nutchecl
case-controls2 u,erc intervierved on :r

r(bntrol 
chilclren fbr thc clcvcloprrent;rl cl inic

prrt of thc stud\, \\:cre nratcheil b1, scx rncl aqe
(:|6 nrorrths) to chil i lrcrr u,ith .r cl iegnosis of FAS.
Motlrcrs of thosc trvo sarrrples of chilt lrcrr bccrrne
thc nrrtchecl cases lrrd corrtrols.

l : rrge ranqe of nnternal r isk variables,
inclucl ing the nrotherls use of elcohol

clurinq gestet iolr of the index chi lcl

[Vi l joen et :r1.,  201)21 . There l .rrvc been
three rv:ive-s of resellch in Soutl-r A6-ica,

begirrrr ing in 1997, 1999, anc' l  2002.
Data frorn r,vavcs 1 and 2 tvere ntcrged
into a single data set lbr the third srn'rple

of u'ornen (n - 8U) in this p:rper. Since

all  South Afr icrn wonrerl  in this thircl
grotrp hlcl given birtl.r to :r chilcl lvith
FAS, lve envisiorrecl it to be the l-righest-
r isk eroup. Al l  but one of t l ' re South
African nrothers rvere (lolorccl (niixecl

ilncestr,/ fronr lllnck, Europe:rn, lnc'l Asirn

origins).

In both our Plains rncl South Afr ica
studies, rve g:rthcrecl clrinkinq d:rt:i \\,ith

an ertensive qucstionnrire ut i l iz ing :r
nrodif iecl t inrel ine fbl lorv-back techni-

que [Sobe l l  c t  a l . ,  198t t ,  2 (X)1  |  anc l
photographs of the nrost poprrhr sizes

lncl brands of eech tvpe of r lcoholic:
bcveraqe. In this rv:ry we wcre able to
establ ish stanclarcl ethanol units nrore
preciselv fbr c:r lcr.r lat inq the nunrber of

clri nks consr-rn'recl I Kasku tas :rn ci Cl rrves,
2001 |

In addit ion to lnst i tut ion:r l  Revicrv
Board ( lRl3) conrnri t tee rpprovrls in thc

United States (fi-orrr otrr university and
the IHS) rnd ethics conrnri t tee approvals
in Sor.rth Afr ica, I  fbrnral tr ibr l  counci l

resolutior-r of lpprov:rl prece ded lll activ-
i tv in the Northern Phins, ls cl icl  a single
site assurance cor.rrrnit tee approvl l  fronr

t l-re South Alr ican conrniunitv.
The Epi-Lrlit softr,vare packree rvas

used to rnalyze the data. Chi-square tests
wcre calcul:rted on f ieqr-rencics for those
research questions (v:rriables) thlt in-
volved data rvith nonrinal or orclin:r1 level

nreasurement. In these col l lp: lr lsons
percent:rges rrc reported in the t:rblcs

for the readcr\ convenience. Analyscs of
val iance (ANOVAs) rnd t-tests rvere
r-rtilizecl lor testing cliflercnces of rnelns

rvith intcrval-level datr. All lnalvses

lFor 
t lrc frrst u,rvc of rlete firnr Sorrtlr Afl ' icr.

ortcc the chiiclren u.it lr r t l irqnosis oi I AS u'ere
ic len t i f le r l .  thcy , l 'e rc  n r r tchec l  bv  ser .  rqc ,  rn t l
cl:rssro<>rrr to colrtrol chilt lren. For thc seconcl n'rvc
of thta fl-o:rr South Afr-icr, corrtrol chilclren u'ere

nr tdorn l t '  sc lec tc t l .  Mothers  o f ' t J rosc  fb r r r  s rn rp lcs
o f  ch i ld ren  becr r l c  t l r c  n r r tche t l  c lses  ln r l
controls.
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were two-tailed. In those analyses where

cases were corrrpared to controls,

matched statistics rvere used.

RESULTS

Selected sociodemographic and nater-

niw variables are presented in Table I.

The mean maternal age at time of preg-

nancy ranged from 23.5 years for the
prenatal clinic sample, to 23.8 for the

developmental clinic sample, to 27 .6 for

the South African sample of women.

Older won'ren are at higher risk for

producing FAS births. Concerning edu-

cational attainrnent,47 .|yo ofthe women

Oliler women dre dt higher risk

for proilucing FAS births.

in the developn'rental clinic sample had

not graduated from high school or

TABLE I. Dernographic, Socioeconomic, and Maternity Variables for'Wornen in Three Studies

Plains prenatal Plains developrnental South African r.nothers of

Variable clinic clinic children with FAS Statistical tests

Age rvherr pregnant r,vith index chi1d, yrs

755 133
N ^ a , n  / q l - ) \

Edr.rcational attainment. %

<  H S  d i p l o m a  o r  G E I )

H S  d i p l o m a  o r  C E I )

Voc.rr ion.r l  :chool  -

Religiosiry %

Not at all religious

Somervhat religious

Very religious

Mari ta l  Status, '%b

n :

Marrred

Widou'ed/separated/

divorced

S ing l c

Not rnarried but living with

partner

Materniry

n _

Gravid i ry (nre.rn)  (SD)

Parity (pre-term) (mean)

(SD)

Parity (full-rerm) (mean)

(SD)

Miscarriages (rnean) (SD)

Induced abortions (mean)

(SD)

S r i l l b i r t h .  ( n rean )  (SD ;

Number of living children

(nrean) (SD)

Birth order of index child

Mean (SD)

23.s (s.80) 23.8 (s.e6)
u8

2 7 . 6  ( 6 . 8 1 )  F :  1 8 . 7 9 ,  P < . 0 1

1 1 9

4 7  . 1

3 1 . 9

2 1 . 0

117

1 1 . 1

78.6

1 0 . 3

1 1 8
I t r  r '

5 . 1

29.7

39.8

119

4.7 (2.20)

0.2 (0.74)

3 .s  (1 .88)

0.s ().Be)
0.2 (0.43)

0.0 (0.1e)
3 .e  (1 .87 )

294
3.0 (1.73)

89

98.9

1 . 1

0 .0

76

1 0 . 5

7  1 , .1

18. ,+

89

23.6

1 . 1

28.1

47.2

* - 68.64, 2 df ,
P < . 0 1

f  : 2 .6a ,2  d f ,
P :  N S "

r f  - : . r  r ,  :  a l
P -  N S

93

3 . 7  ( 1  . 5 1 )  t - 3 . 7 5 ,  P < . 0 1

0.,1 (0.65) t  -  1 .72, P: NS

3 . 0  ( 1 . 4 7 )  t - 2 . 7 7 ,  P  < . 0 1

0.3  (0 .64)  t :0 .52 ,  P :  NS

3 . 1  ( 1 . 2 4 )  t : 3 . 0 7 ,  P < . 0 1

89

2.9  (1 .57)  I  -  0 .56 ,  P-  NS

' 'NS, not statistically significant.
h - -"Du r i ng  

p regndncy .  o r  . r t  b i r t h  o f  t hc  i ndcx  ch i l d .
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earned a GED; among the South African
women that percentage was 98.9%.
Data on religiosiry'uvere mixed and not
significant across populations, probably

due to nornlative and definitional differ-
ences and because of time 1ag (6.5 years)
between the FAS birth and interview in
both samples. Marital status comparisons

conformed to expectations; both the
developmental clinic rnothers and South
African mothers were frequently not
married, and a high percentage were
Iiving in common-law relationships.

There were some significant and
contradictory diflerences between the
higher-risk developmental clinic mothers

and South Alrican mothers on the
various rnaterniry variables (gravidiry

full-ternr pariry and number of iiving
children) and also some nonsignificant

differences (miscarriages and birth order

of the child). Although case-control

studies in many populations have de-
nronstrated that rvomen who have
children with FAS are nore likely to be
higher gravidiry and parity and to su{fer
r r ro re  r r r i scarnages than rhe  genera l

maternity population [Abel, 1998; Bagheri
e t  a l . ,  1999;  As t ley  e t  a I . ,2000a,b ;
May and Gossage, 2001], the develop-
mental clinic mothers of children
referred for screening had significantly
higher values on nlost of these measures

than did the South African mothers of
children with FAS in spite of being a
younger sample.

A1cohol consumption among family

and friends can have a profound impact

on female drinking. Data on probiem

drinking by the womant father, mother,
brother, sister, or biological father ofthe
index child, and the womani closest
female and male friends are presented in
Table II. A11 of these trends are signifi-
cantly opposite what we r.vould expect.

Alcohol consuffiption among

family anilfriends cdn haue a

Trrofound imp act on female
drinking.

Prenatal clinic and developmental clinic
wonen report that 47.7-83.3% of the
individuals in their social network have
had problems with alcohol. South
African wonlen, on the other hand,
reported substantially lorver rates of
problem drinking in their extended
family, 0.0-39.1% (odds rat ios (ORs)

were 2.27 for the woman's mother, 6.35
for the father, and 52.50 for the first

brother). Even the father of the index

child was reported to have nlore pro-

blems in the developmental clinic sam-
ple (OR :7 .41) .  London [1 999, 2000],
Parry [2000], and Parry et al. [2002]
report, and our own research has re-
vealed, very high risk drinking among
farm workers in the 

'Western 
Cape,

particularly on weekends. The low rates

of perceived/reported drinking pro-

blems among South African women

seenl to be simply a matter of norms,

expectations, and defining and inter-
pretin€i "problem drinking" in this
subculture. Thesc assunrptions are esscn-
t ial ly confirnred when we rransit ion to

the data in Table III.

TABLE II. Prevalence of Drinking Problems Within Vornan's Social Network

Variable

Plains prenatal Plains South African ntothers

clinic developmental clinic of children with FAS Statistical tests

Has individual had problems n'ith alcohol

Wonran's father, %

Yet

V/oman's nrother, %

Yct
'Wonan's 

brother, %L'

Yes
^ _ h

Wolt]Jn s srster, "6-

Yes

Father of index chi ld

d r r r i n o  t h e  i n d e v

pregnancy, %

Yes
'Wornan's 

best/closest

Gnrale friend, %

Yes
'Wonran's 

best/closest

nrale friend, %

Ycs

(r6.3

59.4

83.3

50.0

8 2 . 1

47.7

38.s

23.6

39.1

8 . 7

1 4 . 0

38.3

10 .5

0.0

. t ' :2 '1 .05 ,  P<.01 ,  OR ( r .35

t '  -Z . l r t ,  p :  NS. ,  OI {  2 .27

X2:39.00 ,  P<.01 ,  OI {  52 .5 t )

t ' :  r  r . so ,  P<.01 ,  oR 6 .17

X' � :  ZO.SS,  P<.01 ,  OR 7 .41

) f - S . 5 1 ,  P < . 0 1 ,  O R  7 . 7 5

. r . j . - - � t . z t . P : N S

'NS, 
not statistically significant.

t ) , .'Data pertain to thc tirst brother or sister for South Afrrcan wonen.
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TABLE III. Initiation and Current Use of Alcohol Arnong Vornen

Plains developmenral South Afrrcan mothers

Variable l)lairrs prenatal clinic clinic ofchildren rvitl-r FAS Statistrcal tests

Ase first tried alcohol, yrs

Mean (SD)

Age begen

drinking regularll', vrs

Mean (SD)

Age at interviern yrs

Mean (SD)

I)rinkurg carcer! yrs

Mean (SD)

Has rvonren ever had a

problenr r.vith alcohol, %

Yes

2J.5  (5 .H2)  3 l  .2  i7 . r r r , .1

83
19 .5  (3 .95 )  t : 20 .12 ,  P  < .01

82
20.8 ( '1 .29)  r :  1  1.66,  P <.01

87
35 . ,1  (6 .79 )  F -211 .67 ,  P { .01

73
15 .8  (6 .72 )  t : 71 .78 ,  P  < .01

50
6 . 0  X ' -  t t : . 2 9 ,  P < . 0 1 ,

oR 167.63

r19
r1.0 (3.3e)

1 1 5

17.4  (3 .84)

1 . 1 9

1 0 u
r3.6 (6.75)

I 1 7
9 1 . s

As shown in Table III, develop-
nrental clinic wornen first tried alcohol
5 .5  ver r r  e . t r l ie r  rh . r r r  South  Af r i can

wonlen (mean : 14.0 vs. 19.5) and also
began drinking regularly 3.5 years earlier
(17 .4  vs .  20 .8) .  But  South  Af r i can
women, because the sample was older
at interview, had a significantly longer
"drinkingcareer" 

with amean of 
' l  
5.8 vs.

13.6 vears. Almost all of the develop-
nrental clinic women who were sus-
pected of drinking during prelanancy
(')  |  .5"") rcportcd th.rt  they had hrd
prob lc r r rs  rv i th  a lcoho l  J t  so l l re  r i rne  in
their life. Conversely, whlle euery one o{
the South Afr ican wonen in the 1999
study had given birth to a child with
FAS, only 6% admitted to having had
proh lenrs  rv i rh  a lcoho l  a t  sorne  t i rnc  in

their l i fe (OR: 167.63). Normative

clefinitions are again important, as the
developmental clinic women define
problern drinking to be significantly

llreater. 
'While 

not shown in the table,
these South African rnothers of a child
r,vith FAS worked on farrns and con-
sumed twice as many drinks as did the
prenatal cl inic sample (mean:1'1.0 vs.

6.6 drink$ in the seven days preceding

their interview. Virtually all (94.9%)

South Afr ican drinking occurred on

Vtutually all (94.9%) South

African ilrinking occuyred on

w eekends (F ri d ay- Sun il ay ),
thereby inilicating binge

ilrinking ds the mdjor pdttern.

rveekends (Friday-Sunday), thereby in-
dicating binge drinking as the lnajor
pattern. This confornrs with the FAS
literature from both animal fMaier and
West, 20011 and human [Vi l joen et a1.,
20021 studies.

A woman's consunption of alcohol
in the months just before pregnancy is
key to reconstructing the risk for FASDs.

In Table IV 74.5-88.9% of the women
of the three samples consumed alcohol
bc fore  pregnancy .  con [or r r r ing  to  ex-
pectations of high risk for FASDs. For
the rest ofthe variables in that table, the
developmental clinic women of higher
risk who reported drinking before
learning they were pregnant consunred

the most drinks per occasion (1 i .3,
P < 0.01). The developrnental cl inic
women also drank alcohol on more days

of the rnonth (7.6) than thc- prenatal

clinic r,vomen, but not rnore often than

the South Afr ican FAS women (1().2).

Developmental clinic worren also had

the highest percentalle, binging at the
three- and five-drink thresholds (89.7

and 81.8%, respectively). f)evelopnren-

tal clinic wonlen who drank consumed

an average ofover 1 00 drinks over a 30-

day period, while the South African
wonlen consumed an average of 55
drinks over that same tirle franre. These

data place both the developmental clinic
wonren and the South Africal) wonlen
at high risk for FASDs.

Table Vaddresses alcohol use during

the index pregnancy. Conforning to

expectations, the South African women

rvho have borne children with FAS signi-

ficantly exceed the other two groups on
the percentage who report consunring

a lcoho l  dur ing  th r t  p regnrney  (9 -1 .3  vs .
'17.0 vs. 16.2%). Five South Afr ican
women clairled no alcohol consunlp-

tion during pregnancy even though they
gave birth to a child rvith FAS. The

developmental clinic women who con-

tinued to drink consumed more average

drinks per occasion (7.7) ,  with the South

African wonlen consuming only slightly
less (7.0). The data conform to expecta-
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TABLE IV. Use of Alcohol Arnong Wornen Before Pregnancy

Plains developmental South African r.nothers

Variable Plains orenatal clinic clinic ofchildren rvith FAS Statistrcal tests

Percent rvho consr,rmed alcohol

rr - 741 112 81

Yes 71 .5  80 . '+  88 .9  * : ( ) .48 ,2  d f ,  P<.01

Anong those u-ho rvere drinking, on days she drank, how rnany drinks did wolnan usuall,v drink

n-  542 83  72

Mean (SD)  6 .6  (5 .0s)  11 .3  (10 .86)  6 .7  (5 .08)* *  F  -  21 .92 ,  P  < .01
Anrong those rvho r.vere drinking, horv often over 30 days did woman drink her usual amount

n :  '+55 81  72

Mean (SD)  2 .4  (2 .33)  7 .6  (8 .73)  10 .4  (1 .51)* *  F :17u.57 ,  P<.01

Ar.nong those u'ho r','ere drinking, did woman binge (cor-rsume three or more drinks), %
n -  5 1 4  8 8  7 2

Yes 87 .3  89J  76 .1**  * :2596,2  d f ,  P<.01

Among those u.ho were drinking, did wornan binge (consume five or more drinks), %

n: 5'+4 88 72

Yes 63.6 81 .8 63.9** X' �  -  1 1 .33, 2 di P <.01
Anrong those rvho rvere drinking, total number of drinks wonlan consumed over 30 days

n :  5 5 1  8 0  7 2

Mean (SD) 16.5 (27.65) 102.2 (201.50) 55.0 (55.93)** F:51.06, P<.01

**Estinrated fronr drirrking logs at time of rnvervieu', dai1y, seven and 30 da1's

tions on the number ofdays each woman

consumed her usual amount of alcohol.

Here the South African women drank

2.3 more days per lnonth than the devel-

oprnental cl inic rvomen and 8.1 more

days than the prenatal clinic women. A

substantial percentage of women binged

at the three-drink threshold at least once

during pregnancv (6i1.8-89.1%), rvi th

the developmental clinic women the

highest (P< 0.05). The percentages are

relatively high at the five-drink thresh-

old as rvell, with 40.6-73.6%n of the

wonlen drinking five or nlore drinks per

occasion during pregnancy. The devel-

opmentai clinic r,vomen (suspected risk)

and the South African women (highest

risk) on average consumed significantly

more drinks over a typical 30 days during

pregnancy than did the prenatal clinic

women (prenatal cl inic women:f1.6,

developmental cl inic women:69.8,

South  Af r i can  women:55.4) .  The

developmental clinic women who con-

t inued to drink consumed 15 to 16 more

drinks during pregnancy than did the

South African wonen.

Fronr Tables lV and V. rherefore,

it seems quite apparent that the devel-

opmental clinic women are rnore

likely to quit drinking (over 50%)

once pregnancy is suspected or con-

firmed, but those rvho continue to

drink consume nlore alcohol per occa-

sion, but slightly less often than the

South African nlothers of children with

FAS.

Just as we have compared the three

groups ofwomen, we digress to conlpare

women within the developmental clinic

sanlplc. We separated rhose women into

two subgroups: those who have given

birth to children rvith FAS or partial FAS

( F A S : 2 2 .  p a r t i a l  F A S :  1 6 )  a n d  t h e

other 95 women whose children did not

have FAS or partial FAS. Examining

four current drinking nleasures, the data

reveal that the mothers of FAS or partial

FAS children consumed 8.3 drinks in the

seven days preceding their interview,

compared to 6.2 for the women whose

children did not have FAS or partial FAS.

During that same time franre, 33.3%

of the mothers of FAS or partial FAS

children binged (3*), while 40.3% of

the mothers whose children did not have

FAS or partial FAS binged. Both groups

ofwomen consumed similar amounts of

alcohol in the 30 days preceding their

intervierv; mothers of FAS or partial

FAS chi ldren consumed 32.7 drinks vs.

33.7 for the rlothers rvhose children did

not have FAS or partial FAS. The rvomen

whose children did not have FAS or

partial FAS report beins "high" or drunk

a ferv rnore tin-res in the 12 nlonths

preceding their interview than the

women whose children were diagnosed

as FAS or part ial  FAS (17.1 vs. 15.8).

None of these comparisons reached

a level of statistical significance. These

data suggest that even those rvomen

whose children do not have FAS could

be considered at risk for producing a

future child with FAS, but threshold and

outconles are different individual by

individual. One protective factor in this

comparison is age. The Plains .uvomen

whose children did not have FAS rvere

significantly younger than the women

giving birth to children with FAS or

partial FAS at the time of the intervier,v

(30 .7  vs .  38 .7 ,  t :3 .65 ,  P  <  0 .01)  and a t

the birth of the index chi ld (23.4 vs.

2 7 . 8 ,  t : 2 . 4 9 ,  P : 0 . 0 1 4 ) .  W e  w i l l

explore some of these differential risk

factors below.
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TABLE V. Use of Alcohol Arnong'Wornen During Pregnancy

l)lains developnrental South African mothers

Variable Plains prenatal chnic clinic" ofchilclren rvith FASI' Statistical tests

Percent ,,vho consumed alcohol

u :  667 116 88

Yes .  16 .2  17  .0  c )1 .3  f  :257.57 ,2  d f ,  P  < .01
Arnong those who were drinking, on days she drank, how many drinks did woman usually drink

n -  1 0 6  5 0  8 3

Mean (SD)  '1 .3  (2 .83)  7 .7  (5 .04)  7 .0  (5 .6 '+ ) '  F :13 .23 ,  P<.01

Anrong those s'ho r,verc drinking, hor'v often over 30 davs did wonlan drink her usual amount

n :  9 7  4 9  8 2
Mean (SD)  1 .7  (1 .32)  7 .7  (8 .36)  1 t ) . { )  (1 .96)  F-  95 . ,1 i3 ,  P<.01

Among those .,vho r.vere drinking, did wonran binge (consunre three or rnore drinks), %
n -  1 0 6  5 5  8 3

Yes 68 .9  89 .1  75 .9 '  X ' � -  8 .08 ,  2  d l  P<.05

Arnong those who were drinking, did wornan binge (consurne five or nrore drinks), %
n :  1 0 6  5 3  8 3

Yes ,10 .6  73 .6  68 .7 '  f  :22 .28 ,2  d l  P<.01

Anrong those rvho were drinking, tot:rl number of drinks wolnan consurned over 30 days

n :  1 0 5  4 7  8 3

Mean (SD)  8 .6  (12 .s1)  71 .2  (107.66)  ss .4  (s ,1 .76) '  F :24 .41 ,  P<.01

'Control children for the developnrental clir.ric part of the study were matched by sex and age (:|6 months) to children with a diagnosis of

FAS. Mothers of those two sanrpLes of children becarne the matched cases and controls.
LFor 

the first rvave ofdata lrom south Africa, once the children lvith a diagnosis ofFAS were identified, they rvere rnatched by sex, age, and

classroorn to control children. For the secondrvave of data frorn South Africa, control cl-rildren rvere randomly selected. Mothers of those

four sanrples of children became the rnatched cases and controls.
'Estir.nated frorr drinking logs at tinre of intervier.v: darly. seven rnd .lo days.

DISCUSSION

Substantial alcohol consumption just

before and during pregnancy is con-

firmed in all three of these samples, and

nrany of the risk factor ievels conform

to expectations from the literature.

Included in the prenatal clinic sample

are soll]e questions about each wonlan's

knowledge, attitudes, and beliefs about

rhc  use  o l t  a lco l ro l  dur ing  pregr )ancy .

Ninety-eight percent of the prenatal

clinic women knew that they should not

dr i r rk  rny  r l coho l  dur i r rg  the i r  p rcg-

r r rn r ' y :  horvever .  6 -  1  l l " , '  were  cont inu-

ing to binge drink occasionally. One or

nrore of the children born to wonlen

fronr the developmental clinic sample

were suspected of prenatal alcohol ex-

posure or were having problems that

rvere believed to be related to alcohol

exposure. More than halfof the chiidren

in the developrnental clinic sanrple r.vere

exposed to alcohol. At the tin're ofinter-

view, all but a few of these wonlen were

sti l l  in the chi ldbearing years (15-44).

Among those developmental clinic

women who confirmed drinking just

before and during pregnancy, an aver-

age of 70 drinks was reported over a

30-day period, a higher mean nurnber

of drinks than the South African

women who have borne at least one

child with FAS (52 drinks). In addition

to confirming the value of cutting down

or  qu i t r ing  dr ink ing  dur ing  prcgnancy .

this raises the question of different

thresholds of consumption in different

populat ions.

While binge drinking is described

in the literature as the consumption of

five or more drinks per occasion, we also

include a threshold in our studies of

three drinks per occasion for women

because of physiologic difFerences be-

tween worren and nren and because

there is a rnajor risk for FASDs even at

this level of sporadic drinking. Indeed,

research by Day et al. [2002], Baer et al.

[2003], and others f iacobson andJacob-

son, 199,1; Streissguth et al. ,  1990, 199,1,

1996] suggests that alcohol, even in

relatively light doses, nray change the
fetus in ways that persist long after birth,

particularly behavior and intellectual

functioning.

Certainly, higher age at pregnancy

has been confirnred in this paper as a

major risk factor for FAS. Length of

drinking career is also a factor. But addi-

tionally, from our studies over the years,

we have begun to suspect that smaller

women are more likely to have lower

thresholds of drinking for producing

FAS symptoms than larger women.

Furthermore, hear'y alcohol consurnp-

tion can interfere with regular eating

habits and result in less body nass, as can

poor nr"rtrition. Body mass index (BMI)

data conform to these observations; the

worlen in the developmental clinic

sanrple who bore children with FAS or
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partial FAS (n - 8) had an average BMI
o{29.7  vs .31 .5  lo r  the  women whose
children did not have FAS or partial FAS
(n  :  3s )  ( r :  0 .55 ,  P :  0 .s83) .

Consumption data for the South
African women seem puzzling at first.
The South African women had little
prior knowledge of the risk of drinking

during pregnancy. Most of the South
African women who had children with
FAS came from families with several

generations of individuals who drank
heavily, and the mothers themselves
conrinued to drink heavily during the
index pregnancy. Equally important is
the issue of nutrition. In South Africa,
rve have been impressed by the relative
smallness of many Colored women and
their children. The mothers of children
r.vith FAS were not only much smaller
than women in the LJnited States,

specifically Plains Indian women, but
they were smaller than many other South
African Colored women in the same
population. It follows then that even
though the South African women reporr

consuming less alcohol per occasion,
they have less body mass to assist in
dispensing and metabolizing the alcohol

they consume. There may be, therefore,

substantial differential risk based on
body size and also nutrition. The South
African mothers of children with FAS

had a nrean BMI of 24.9 vs. 27.2

for South Afr ican controls (t :2.184,
P- t) o. l)  ThereFnre even at lower'  '  " ) '
levels of gravidiry age, and other risk
variables, these small, less adequately
nourished South African women may
be at higher risk than the Plains Indian

wonren because o fbody  s ize .

Differential Diagnosis

Because high-risk environmental and
behavioral conditions vary between
populations and risk factors also vary
among individual women (e.g., size and
diflerential genetic traits yet to be deter-
mined), we conclude with some com-
ments on the importance of collecting

a fuli behavioral and genetic history of
the chi ld and his her farni ly. The "face"

of FAS is not unique [Jones, 1997].
By means of a variety of mechanisms,

ethanol leads to a highly characteristic
pattern of abnormalities related to cell
m igra t ion  and ce l l  dearh  in  rhe  premi -
gratory and migratory neural crest cel1s
that normally populate midfacial struc-
tures. This hypoplasia ofthe midface can
be considered to be in the spectrum of
holoprosencephaly, a severe problem

with early morphogenesis of the fore-

brain [Cohen and Shiota, 2002]. In fact,

recent data suggest that ethanol causes a
marked downregulation of sonit hedgehog
(Sftft) and other components of the
hedgehog gene-signaling network, a
network necessary for early forebrain

and midfacial development [Ahlgren
et al., 2002]. Shh nay represent a pivotal
checkpoint in craniofacial development
on which many environmental and
growth factors act. Thus, the facial char-

acteristics of FAS are the nonspecific

visible end results ofthe ellects ofalcohol
on rhe developing forebrain.

Therefore, in the evaluation of
children with disabilities who have been
prenatally exposed to alcohol, it is im-
portant to rule out both genetic and
other teratogenic disorders with similar
abnormalities in midfacial development

that may have morphological similarities

to children with FASDs. Children with
prenatal toluene exposure (following

nra terna l  inha lan t  abuse)  have been
shown to manifest facial characteris-

tics similar to those observed in FAS

[Pearson et al., 1994]. Similarly, children
with a variety of genetic disorders,
including chromosomal anomalies,

Cornelia delange syndrome, Williams
syndrome, blepharophimosis syndrome,

and velocardiofacial syndrome, among

others, can be associated with short
palpebral f issures and midfacial hy-
poplasia [Jones, 1997]. Thus, a careful
family history, maternal and pregnancy

history (including exposure to other
potential teratogens), and dysmorphol-
ogy examination are essential in evalu-
ating children with prenatal alcohol
exposure.

CONCLUSIONS

Comparisons of these three samples from
two very distinct raciallethnic popula-

tions underscore the fact that lxaternal

risk may vary substantially by popu-

lation. Also, as shown in case-control

studies within these populations, risk is
not equai from one individual to the
next lviljoen et ai., 2002] . The threshold

of alcohol consumption lor FAS, nor-
mative patterns of consumption before,

during, and after pregnancy, and social,
cultural, and demographic patterns/

variables differ widely by human group

and individual. Abel [19981 has rvritten
of the American paradox. It holds that
even though Americans have a lower per

capita consumption of alcohol than rnost

every European country, higher rates of
FAS have been reported in the United
States [see also Institute of Medicine,
1996]. Binge drinking has been sug-
gested as one major factor for the higher

FAS rate in the United States, and this
pattern is also very influential in South
Af r ica .  Nut r i r ion .  body  s ize .  nornrar ive
perceptions (expectations), education,
low SES, and cultural practices, includ-
ing patterns of food consumption, also
play a role in alcohol metabolism, BACs,

and the teratogenic effects on the fetus.

The prenatal clinic and developmental

clinic samples, although practicing binge
drinking in the prepregnancy period

similar to or even more severe than the

South African women who have chil-

dren with FAS, are more likely to quit

d r ink ing  or  cu t  down dur ing  pregnancy .

Furthermore, the developmental clinic
women are much larger women (BMI -

31.0 vs. 21.9 for South Afr ican women)

who are better nourished in both the
short and long term. These factors

may produce a relative protection for

the developmental clinic women and an
increased reladve risk for the South
African women.

Finally, it should be noted that some

women in the prenatal clinic sample and
many women in the developmental
clinic sample are candidates for selective
prevention (e.g., inforrnation and refer-

ral for alcohol abuse screening). Those

women who have given birth to children

with FAS must receive indicated pre-

vention, such as case management and

alcohol abuse therapy as outiined in the
IOM report [Institute of Medicine,
1996, Chapter 71.
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ABSTRACT. Objective: Factors associated with alcohol consumption
during pregnancy and with fetal alcohol syndrome (FAS) births were
examined as part of a larger epidemiologic study of FAS in a colnmu_
nity in the Western Cape Province of South Africa. Method: Usine ret-
rospective case-control methodology, 3l mothers who had given-birth
to FAS children 6 to 9 years previously were compared with jl matched
controls on a variefy of demographic, socioeconomic, drinking, family
and maternity variables. Descriptive analyses were utilized to determini
major differential characteristics between the two groups. Resalrs: In this
community with a very high rate of FAS and rather uniform low socio-
economic status, the two groups were found to be comparable with re_
spect to age, annual income, ethnic background- age of initiation of
regular drinking, age at birth of the index child, gravidity and parity.

However, mothers ofFAS children reported initiating drinking at an ear-
lier age, as well as reporting higher rates of heavy alcohol consumption
in their extended family, current use ofalcohol, drinking before and dur-
mg pregnancy, and smoking oftobacco (percentage who smoke) dur_
ing each trimester of the pregnancy. Mothers of FAS children had lower
educational attainmenr and reported lower religiosity than control moth_
ers. Conclusions: This study in South Africa draws upon the experience
of mothers of 3 I children with FAS to confirm many of the same high-
risk variables identified in matemal risk studies in the United States and
Europe. Some factors associated with less matemal alcohol abuse in this
high-risk population were also identified, which may be helpful for
implementing prevention in this region as well as in other developing
countnes. (J. Stud. Alcohol 63: 6-11.2002)

INCE THE FIRST recognition and documentation of
fetal alcohol syndrome (FAS) as a distinct birth defect

(Jones and Smith, 1973), the search for unique maternal
characteristics. risk factors and protective factors has been
a goal of researchers, both for determining the specific eti-
ology of FAS and for prevention. Epidemiologic studies of
mothers who drink during pregnancy have identified traits,
in addition to drinking alcohol heavily during pregnancy,
that are strongly associated with FAS births. Women who
were older, multigravidas, not currently married, and who
smoked cigarettes and used other drugs were more likely
to have children with FAS (Sokol et al., 1980). Later srudies
identified a greater risk for FAS among women character-
ized by advanced matemal age, high parity, low socioeco-
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nomic status (SES), African-American race and with se-
vere drinking patterns, most particularly healy episodic use
(Abel, 1995; Abel and Hannigan, 1995; Abel and Sokol,
1986; Danow et al., 1992; Sokol et al., 1986). Studies of
mothers who had produced children with what was then
diagnosed and referred to as "fetal alcohol effects" (FAE; a
lesser degree and consistency of symptoms than the full
syndrome) provided further understanding of maternal risk
factors.

Alcohol, in a dose response effect, is likely to produce
not only FAS, but such individual features as growth and
developmental delay, neurobehavioral defects, microceph-
aly and craniofacial anomalies in children bom to women
who are older and of low socioeconomic stafus (Day et al.,
1991, 1999; Ernhart et al., 1987; Jacobson et al., 1996).
FAE is now referred to as alcohol-related birth defects
(ARBD) and alcohol-related neurodevelopmental disorder
(ARND) (Stratton et al., 1996). These lesser effects, when
combined with the prevalence of FAS, are believed to af-
fect approximately loh of all births in the United States
(Sampson. et al.. 1997).

The influence of socioeconomic stafus on the character-
istics and rates of FAS, ARBD and ARND has been a
particularly common finding in various studies, and the as-
sociation appears to hold even in one retrospective control
study. Bingol et al. (1987b) compared two groups of alco-
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holic women of different social strata who drank an aver-
age of 6 ounces of absolute alcohol a day (12 drinks) and
who had begun drinking during their teens. The rate of
FAS and alcohol-related effects in this study was 16 times
greater among women of low SES than among the upper
middle-class sample (4-60/o vs 70.9%). There was variance
between the two groups in family histories of alcoholism,
percentage of college graduates, percent married and other
variables; however, the women's culrent SES was highly
influential (Bingol et al., 1987b). Abel's (1995) summary
of the worldwide epidemiology literature also demonstrates
a consistently elevated rate of FAS births among African-
American women of low SES, when coupled with drinking
heavily.

In the United States and other developed countries, be-
tween 160% and 32yo of women who are pregnant drink
during gestation (Centers for Disease Control and Preven-
tion, 1997; Day et al.,1993; Serdula et al., 1991). In some
other western countries, maternal drinking is substantially
higher, reaching over 5070 (Godel et al., 19921' Waterson
and Murray-Lyon, 1989). Obvious variations in this per-
centage of at-risk drinkers exist throughout the world, with
subpopulations of high-risk drinkers contained within the
overall category of female drinkers.

Studies of alcohol dependence and alcohol misuse have
reported that these behaviors do run in families, therefore
implying heritability or a genetic influence in susceptibil-
ity. Twin studies have estimated that the heritability for
susceptibility to alcoholism in women is in the range of
50o/o to 60% (Kendler et al., 1992). Among men, those
who came from families with a large number of alcoholics
have been shown to have more alcohol misuse than are
those from families with a low density of alcoholics
(McCaul et al., 1991; Schuckit, 1998; Schuckit and Smith,
1996). Siblings with a history of alcohol-related illness and
frequent drinking with family members were associated in
one study with women who continued to drink throughout
pregnancy (Smith et al., 1987). Epidemiologic studies of
the occurrence of FAS have also shown familial clustering
(Abel, 1988; May et al., 1983; Pierog et al., 7979). Fami-
lies with FAS children, particularly those with multiple FAS
cases, present a tremendous challenge both to clinicians
and prevention programs (Davis and Lipson, 1984). Influ-
ences on maternal drinking are complex and originate from
a combination of factors: biological, familial, social and
psychological (Gomberg, 1993). Prevention of FAS is thus
a multifaceted enterprise (May, 1996).

The general literature regarding alcohol misuse among
women (i.e., that which does not specifically address pre-
natal drinking) contributes additional information for un-
derstanding maternal drinking and risk factors for FAS
(Stratton et al., 1996). Women at high risk for alcohol-
related problems and for continued drinking have some of
the following traits: cohabitation with men when not mar-

ried, part-time employrnent, frequent sexual dysfunction and
living with others (usually male) who drink heavily

flMilsnack, 1989). Alcohol misuse is frequently found among
young women (ages 21 to 34) who are the daughters of
alcoholics (either mother or father), and who report regular
drinking early in life (Wilsnack, 1991; Wilsnack and
Beckman, 1984; Wilsnack et a1., 1991). Furthermore, these
women commonly use and misuse other drugs, including
tobacco (Serdula et al., 1991; Sokol et al., 1986). Their
social context is characterizedby many alcohol-use or drug-
use situations that are socially condoned, sanctioned and/or
at least not disapproved ofby significant others (Shore and
Batt, 1991; Shore and Piei, 1992).In addition, women who
misuse alcohol report multiple social and psychological risk
factors, particularly low self-efficacy, low purpose in life,
depression and feelings of powerlessness (Baily, 1990;
Schlesinger et a1., 1990).

Whereas the above variables may imply relative help-
lessness in certain contexts, some authors have identified
protective factors (e.g., cultural support and unique person-
ality traits) that assist particular individuals in avoiding
alcohol misuse (Blume, 1990). Further explication and clari-
fication ofprotective factors are needed for evidence-based
prevention and intervention initiatives (Hanna et al., 1993;
Stratton et al., 1996; Jacobson et al., 1991; Schimidt et al.,
1990), especially in unstudied and unique populations.

The study setting

This study attempted to identify specific risk factors for
drinking heavily during pregnancy and for FAS, in a com-
munity in the Westem Cape Province of South Africa. The
population of the communify was enumerated in 1996 as
45,225 (35,364 urban and 9,861 rural) (Republic of South
Africa, 1997). The majority of the population is "Cape

coloured" (mixed race), with less than 25oh white and a
few black Africans. The "coloured" population is polyethnic
and polygenetic, with influences from several indigenous
South African tribes and European and Asian admixture.
This community is similar to others in grape-growing and
wine-producing regions, in which problem-drinking prac-
tices and patterns have existed among the agnculture la-
borers for multiple generations. For many years, alcohol
was supplied to workers on a daily basis as partial payment
for labor, a system of payment referred to as the "Dop

system." Although outlawed today, vestiges of the system
still exist in pattems of frequent and severe episodic drink-
ing (Crome and Glass, 2000). It is still apparent today that
alcohol is a favored, valued and expected commodity among
many of the local population of workers, who receive low
pay and who live in very humble circumstances.

A high rate of problematic drinking behavior has been
documented in the region. As measured by standard screen-
ing instruments (e.g., CAGE and MAST) and serum GGT
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levels, alcohol misuse was found to affect g3% of the male
fruirfarm workers (London et al., 1995). This was, by far,
the highest rate in any South Afiican population srudied by
that time (Parry and Bennetts, 1998). A more recent study
classified 87% of the farm workers in the region as prob_
lem drinkers; half consume more alcohol per week than is
considered safe (>210 g) and 9.3%o consume amounts con_
sidered dangerous (>490 g per week) (London, 2000).

In this study community and others like it, a number of
commercial sources of alcohol exist. Although alcohol may
be consumed on a daily basis (through ..Dop") 

on some
farms, it is quite common for a substantial segment of the
population to participate in regular and extended drinking
parties on the weekends and, occasionally, on weekday eve-
nings. Wine and beer are the beverages of choice and are
relatively inexpensive. Drinking at .,shebeens" (informal
bars), in the home and in other venues is a major form of
recreation for a substantial subculture ofthe population.

Drinking during pregnancy has been reported to be fre_
quent in parts of the Westem Cape, even among prenatal
clinic patients. Croxford and Viljoen (1999) reported that
34.4% of prenatal patients in the large metropolitan areas
of the Cape drank during pregnancy, as djd.46.10/o to 50.g%
in the rural Cape regions (Croxford, 1998). Concern about
FAS has grown in recent years in parts of South Africa
(National Institute on Alcohol Abuse and Alcoholism. 1996.
I  998) .

The study of the characteristics of Western Cape moth_
ers who have FAS children is useful for understanding their
lifestyle, and matemal drinking in this region, among women
in general and, more particularly, in other parts of the de_
veioping world. Since the current study was the first ever
undertaken on the epidemiology of FAS in a South African
communify, no specific hypotheses were formulated.

Method

Participants

The data in this article are an integral part of a larger
epidemiologic study of the prevalence and characteristics
of FAS in the Western Cape (May et al." 2000). Subjects in
this study of matemal characteristics were chosen based on
the characteristics of their children. Children in Sub_A (first
grade) classrooms (N = 992) received an initial brief (Tier
I) screening for height, weight and head circumference. After
local growth and development norns were established, those
who were below the 10th percentile for head circumfer_
ence and./or both height and weight were also given full
dysmolphology evaluations by a team of intemational ex_
perts on FAS. Dysmorphologists working in blinded teams
utilized established active-case ascertainment methodolo_
gies, including a quantified checklist for a preliminary di_
a_gnosis of FAS or not FAS. Fifty-three children were

identified with a preliminary diagnosis of FAS or possible
FAS. Each of these 53 children received developmental
and life-skills testing (Griffiths Intelligence and Develop_
mental Test; Griffiths, 1984), and their mothers were inter_
viewed extensively on various risk factors (Adnams et al.,
2001). After ail screening, testing and information gather_
ing were completed by the blinded, independent examiners
from each domain (dysmorphology, developmental and ma_
ternal), a case conference of the examiners determined the
final diagnosis. Institute of Medicine (IOM; Stratton et al.,
1996) criteria for FAS were followed: evidence of pre_ and
postnatal gowth retardation, dysmorphology consistent with
prenatal alcohol exposure and evidence of developmental
delay. Maternal drinking data were used as confirmatory as
per IOM criteria, and only one child was diagnosed with
FAS in its absence.

The protocols and consent forms used for human sub_
jects were approved by the University of New Mexico Medi_
cal School (HHRC 96-209) and the College of Arts and
Sciences (01-93-86-9908). The methodology was also re_
viewed and approved by the University of Cape Town Eth-
ics Committee, the Office of protection from Research Risks
(OPRR) of the National Institutes of Healrh, and by a single
site assurance committee in the Western Cape communiry.
All participating mothers provided active consent for inclu_
sion in the study, and the parents and guardians also con_
sented to FAS screening for their child.

FAS, as diagnosed by strict IOM criteria, was the focus
of the study, and not ARBD or ARND. In the first_grade
population, 46 children received a final diagnosis of FAS,
yielding a very high (world record) in-school FAS rate of
46 per 1,000 (May et al., 2000). Because of the high_risk
lifestyle of the mothers of FAS children, only 35 were ac_
cessible for foliow-up sfudy. Reasons for the others' inac_
cessibil i ty, and the effect of the reduced sample, are
presented in the Results section and in Table l.

The control group consisted of the mothers of the con_
trol children in the epidemiology study. One control child
was selected from the same grade and school as each FAS
child, matched for age (within I year), gender and rural/
urban residence. Of the 35 FAS children whose mothers
were both alive and interviewed, we were able to match 3l
to controls, exactly by gender, rural/urban school attendance
and age (mean [SD] difference : 3.8 t3.51 months). Be_
cause of age differences (some FAS children were older
than other first graders), perfect matches were not possible
for four FAS children. Four mothers of FAS children and
20 controls were excluded as a result of the strict case_
control matching process used in this study.

Most studies of maternal risk factors have studied women
who drink alcohol during pregnancy; very few ofthese have
had or will have children with FAS. This article focuses on
the characteristics of mothers who have had FAS children
(i.e., the highest risk mothers). Some researchers have re_
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ported that a previous child with FAS is the single best

indicator of maternal risk (Abel, 1988; May, 1995).

Measures

The interview questions utilized in this study were drawn

from questionnaires first developed among populations in

the southwestern United States. They were adapted specifi-

cally for the South-African population and pilot tested in

the target community. There are 114 items covering such

basic demographics as residence; religion, and ethnicity;

social and economic variables; family health; diet; and quan-

tity, frequency, variability and social context of drinking.

Questions focused on reconstmcting the general character-

istics of the women's lives, including history of drinking

during the pregnancy of the index child. To establish rap-

port, nonthr€atening questions were asked first, regarding

where they were bom, grew up, worked, their parents' lives

and deaths, education, diet, child bearing and general health.

Alcohol consumption responses have been found to be more

accurate when included in such a format, especially in the

context of dietary questions (King, 1994).

In the alcohol section of the questionnaire, respondents

were first asked about the drinking habits of their parents,

siblings and friends. The context and details of the mother's

current drinking then were expiored orally via a l-week,

day-by-day log methodology. Drinks were measured in stan-

dard ethanol units, in which one unit was a 340 ml can of

beer (10.2 oz of 5o/o ethanol), 120 ml of wine (4 oz of

11.50 ethanol) or 44 ml of disti l led spirits (1.5 oz of 86

proof). Respondents were shown pictures of standardized

containers utilizing local brands and vessels familiar to them.

Questions on current drinking were then used as bench-

marks, for reconstructing drinking pattems during the pe-

riod of gestation of the index child. This order refreshed

the respondents' recall of drinking and life context before

moving to sensitive and distant questions about life and

pregnancy some years earlier.

Smoking was measured more directly. Local informants

indicated that smoking purchases and practices were less

stigmatized, more regular, more stable and memorable due

to cost, lack ofsharing ofindividual cigarettes and the need

to pause from the daily routine to "roll" cigarettes. Respon-

dents were asked how much tobacco (for hand-rolled) or

packaged cigarettes they usually bought in a week (most

were paid and went to town once a week) and smoked

each day, currently and during the index pregnancy. Ques-
tions on other drugs utilized both open-ended and fixed-

response items to assess the quantity, frequency and type

of drugs used.
Interviews were performed in Afrikaans, the primary lan-

guage of the area. All of the respondents, both mothers of

FAS children and controls, were South African "coloured."

The analyses utilize comparisons of the two goups. Statis-

tical tests (two-tailed) are used to assess significance (at <0.05)

and, where appropriate, odds ratios (OR) are provided-

Results

Of the 46 mothers of FAS children in the larger epide-

miology study, 35 were interviewed (May et al., 2000). Six
(13%i) of the mothers were dead at the time of the study:

four from violent death, one from a house fire and one

from pulmonary tuberculosis. Five (10.9%) were so no-

madic that either repeated attempts to contact them were

unsuccessful, or they had permanently moved fiom the area-

Thus, l1 mothers could not be reached for participation in

the maternal characteristics study. In Table l, the effect of

missing mothers from the FAS sample is described via data

fiom the FAS children in the study. There are only two

significant differences, overall, between the FAS children

of the interviewed mothers and the FAS offspring of moth-

ers not available. The children of the missing mothers had

significantly lower performance IQ scores and higher mean

dysmorphology scores (more physical anomalies consistent

with prenatal drinking). However, all of the nonsignificant

TnglE i. Physical and mental development ofFAS children by mother's availability for interview

FAS children

Growth and
development, mean (SD)

Mothers
interviewed

(n = 35)

Mothers not
available

for inten,iew
(n  =  I  l ) Test. significance

Height percentile
Weight percentile
Occipitofrontal circumference (70)

Mental age score
Performance IQ score
Verbal IQ score
Dysmorphology scoreb

s.2 (4.15)
1 1.4 (14.03)
9.2 ( t7 .4sJ

7 R R  l l l  l g i

76.0 (10.79)
72.4 (12.42')
9.9 (4.25\

3 . 0  ( 1 . 4 r )
3 .8  (2 .32)
7 . 1  ( 8 . 1  i )

73 .7  (13 .11)
68.3  (10 .53)
69.3 (12.82)
13.0 @.s2)

t=  1 .695.p= .09 '7"
t = 1 . ' 7 6 0 , p : . 0 8 5 '
t = 0 . 3 9 1 , p = . 6 9 ' 7 '
t = 1 . 1 0 1 , p : . 2 ' 7 7 "
t :2 .084,  p  =  .043
t : 1 . f 0 0 ,  p :  . 4 6 9 "
t = 2 . 0 6 0 , p = . 0 4 4

oNot significant. bThe higher the dysmorphology score the higher the frequency and severiry of struc-

tural anomalies.



l 0 JOURNAL OF STUDIES ON ALCOHOL / JANUARY 2OO2

TeeLe 2. Demographic, socioeconomic and matemity variables for mothers of children with FAS (z :
mothers (n = 3l )

3l) and control

Mothers of
children with Control

FAS (SD) mothers (SD) Test,significance

Demographic and
socioeconomic

Age on day of interview (mean)
Residence (% rural)
Educational attainment (years)
Religion (% practicing)
Religiosiry (church attendance or prayer)(%)

Never or nOt very often
Often
Very often

Usual occupation (7o)
Factory worker
Farm worker
Office worker or other (i.e., cook, etc.)

Employment status (%)
Full-time
Part-time
Seasonal
Unemployed
Not employed./not looking for work

Income (weekly in Rand)(mean)

Matemity
Gravidity (mean)
Parity (pre- and full{erm)(mean)
Miscarriages (mean)
Living children (mean)
Age at birth of the index child (mean)
Birth order of index child (mean)
Marital status during pregnancy
with index child (%)

Married
Single
Unmarried, living with partner

34.3 (7.'7)
64.5
4.4 (3.2)

80.6

54.8
38.7
6.5

16.'7
50.0
33.3

38.7
6 .5

29.0
1 6 . 1
9 .7

qo R rar 5\

3.e (r .7)
3.5 (1.5)
0.5 (0.e)
3.3 (1.3)

26.'7 (7.6)
2.e ( t .7)

t2.9
29.0
58 .1

33.8 (1.2)
&.5
6.t (2.6)

87. l

4t.9
16.  I
41.9

1 3 . 8
34.5
51.7

41.9
12.9
l 6 . l
19.4
9.7

135.5  ( rs8 .3)

3 . 1 ( 1 . 4 )
2 .9  (1 .2 )
0-3 (0.4)
2 .8  (1 .2 )

26.3 (7.2)
2 .3  ( t .4 )

2s .8
35.s
38.7

r =  O  ? 5 Q  n =  1 Q 1 a

X2= 0.00, I  df,p= 1.669'
t=  2 .269,p=.027

x2 = 0.48, I  df,  p : .489, oR = 1.62"

f = 4 . 2 3 9 , 1 d f , p = . s 4 6 t
t = 2.402, p: .919

X2 = 2.09,2 df, p = .351"

X2 = 1.94. 4 df, p :  . lQ7a.t
t : 1 . 0 8 3 , p = . 2 9 3 "

t =  1 . 9 5 3 , p = . 0 5 5 "
t=  1 . . " /88 ,p=.078a
t=  1 .085,p : .282"
t =  1 . 5 2 7 , p = . 1 3 2 '
t : 0 . 2 3 3 , p = . $ 1 6 a
t : 1 . 4 7 9 , p = . 1 4 5 "

Xz = 2.73, 2 df, p = .255'.t'

oNot significant. bCell(s) <5 detract(s) fiom significance

differences also document greater severity of FAS traits in
the children of the missing mothers. Therefore, although
the entire sample of 35 FAS mothers contacted and inter-
viewed (none refused) was very high risk, they may not
represent all of the very highest risk mothers of the FAS
children. The results that follow present a comparison only
of the two groups of the 3l matched cases and controls.

The mothers of FAS children and controls in this sample
(Table 2) did not differ significantly by age, current rural/
urban residence, profession of a religion, usual occupation,
current employment status or weekly income, although the
indicators were generally poorer for the FAS mothers. This
provides validity to matching via the case control design.
By South African standards, they were of relatively similar
background and SES. By U.S. standards, respondents had a
1997 weekly income of $22 to $30; all, therefore, had very
humble economic resources. Two variabies in this category
were significant: educational attainment and religiosity.
Mothers of FAS children had significantly less formal edu-
cation (1.7 years [28Yo] less), and were less likely to prac-

tice regular religious behaviors (measured by church atten-
dance and prayer). Therefore, in spite of the two groups
being relatively equal in SES, two specific social risk fac-
tors were identified in this category of SES and demographic
variables.

Table 2 also highlights the maternity variables for the
two groups. FAS mothers did not differ from controls on
any of the standard measures commonly used in studies of
this type: gravidity, parify, miscarriage, number of living
children, age at birth of index child, birth order of index
child or marital status during pregnancy of index child. All
of the differences between the two groups, however, are in
the direction predicted by the extant literature (e.g., higher
gravidity, panty, miscarriage, etc. for FAS mothers). If one-
tailed test criteria were used for gravidity and parity, they
would be significantly different between groups. The lack
of significant difference in matemal age is addressed in the
Discussion section.

Details of the drinking habits of the family and friends
reported by the maternal informants are presented in Table
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Teslr 3. Reported drinking habits of family and friends of mothers of children with FAS (z : 31) and control mothers
( n  =  3 1 )

Mothers of children
with FAS

1 l

Measures of alcohol consumption
Control
mothers Test, significance

Drinking habits of woman's father (%)
Nondrinker or light drinker
Occasional or moderate drinker
Frequent or heary drinker
Has had problems with alcohol

Drinking habits of woman's mother (%)
Nondrinker or light drinker
Occasional or moderate drinker
Frequent or healy drinker
Has had problems with alcohol

Drinking habits of woman's brothers (%)

Nondrinker or light drinker
Occasional or moderate drinker
Frequent or heary drinker
Has had problems with alcohol

Drinking habits of woman's sisters (%)

Nondrinker or light drinker
Occasional or modemte drinker
Frequent or hear,y drinker
Has had problems with alcohol

Drinking habits of father of index child during
index pregnancy (%)

Nondrinker or light drinker
Occasional or moderate drinker
Frequent or heary drinker
Has had problems with alcohol

Drinking habits of woman's best friend (%)
Does not have a best friend
Nondrinker or light drinker
Occasional or moderate drinker
Freouent or heaw drinker

27.6
6.9

48.3
t 7 . 2

5 1 . 6
12.9
25.8
9 .7

57
35.  l
r  0.5
43.9
1 0 . 5

'10

5'�7.1
5 .7

30.0
7 . 1

6 .5
3 .2

1 1  A

t2 .9

38."7
29.0
12.9
t9.4

22.2
25.9
J J . J

1 8 . 5

1 a A

6.5
9.'7
6 .5

83
43.4
21.'7
a A  I

1 0 . 8

86
72.1
1 9 . 8
4 .6
3 .5

37.9
20.7
34.5
6.9

19.4
' / t .0

6.5
) - z

x2 
-- 4.08, 3 df , p = .253" 0

X2 =  1 .08 ,  I  d f ,p= .298,  OR:1 .76a 'c

x 2 = 4 . 7 4 , 3 d f , p = . 1 9 2 . t
y?  =  1  0 '1 .  I  d f .  n  = .082.  OR :  2 .86a(

X 2 = 7 . 1 4 , 3 d f , p = . 9 6 7 '
v 2 : 5 r r  1 t 1 f  n =  o l a o R = 2 . 2 2 c

x 2 = 2 3 . 4 6 , 3 d i  p = . 0 0 0 b
x2 = t9.46. 1 df. p =.ooo, oR = 6.67'

X 2 =  1 6 . 0 8 . 3 d f , p : . 6 6 1 r
x2  =  16 . t5 ,  r  d f ,  p  : .000,  OR =  13 .22 '

X,2 = 11 .69.3 df, p = .969r

,Not significant. bCell(s) <5 detract(s) fiom significance. 'X2 calculated from data collapsed to 2 x 2 table to maximize possibil-

ity ofsignificance. The two categories ofnondrinker or light drinker and occasional or moderate drinker were collapsed together

and compared to the other two categories that were also collapsed together.

3. Many controls and mothers of FAS children reported

fathers and mothers who drank heavily, but more of the

matemal grandmothers of FAS children were heary drink-

ers, as indicated in Table 3. This comparison approached

significance when items were aggregated into a 2 x 2 con-

figuration by collapsing and comparing the two lowest-

drinking categories (nondrinkers through moderate dnnkers)
with the two problem-drinking categories (p : .08; odds

ratio [OR] : 2.86). All the other variables are significantly

different. Three were significant when tested in either the

4 x 2 or 2 x 2 configuration described above. The heavy-

drinking pattern of the fathers of FAS children (p : .000;

OR : 13.22) is worth noting. Mothers of FAS children

more frequently had brothers, sisters, male partners and

friends who drank heavily. The mothers of FAS children

live in an environment full of hearry drinkers. Yet social

isolation is also an issue, for the last variable in Table 3

indicates that FAS women reported not having a "best

friend" more frequently than did controls; and when they

do have friends, those friends are more likely to be healy

drinkers (P: .009).

The only two substances used by women in this West-

ern Cape region were tobacco and alcohol; virnially none

of the respondents reported use of any other drugs cur-

rently or during pregnancy. The two groups did differ sig-

nificantly (Table 4) in the mean age at which they first

drank alcohol (p < .05), but not in the age at which they

commenced regular drinking. All other variables were sig-

nificant. Current use of alcohol, use prior to the pregnancy

of the index child and use during ali trimesters of the preg-

nancy were reported to be higher for the mothers of FAS

children. Virtually all of the mothers of FAS children (81%)

are current drinkers, compared with 45oh of controls. Beer

and wine constitute the vast majority of all alcoholic bev-

erages consumed (not shown). When all respondents are

considered, the average FAS mother currently drinks a mean
(SD) of 13.0 (12.6) standard drinks per week compared to

2.8 (5.3) for the control sample. When current abstainers

are eliminated from the analysis (six of the mothers of FAS

children have quit), the mean drinks per week is 16.1 (12.1)

for FAS mothers and 6.3 (6.4) for controls. Heary drinking
(5+ standard drinks per day) is by far the most prevalent



t2 JOURNAL OF STUDIES ONALCOHOL IJANUARY 2OO2

Tesle 4. Drinking and smoking behaviors of mothers of children with FAS (n = 3l) and conrrol mothers (n : 3 I )

Mothers of children
with FAS (SD)

Control
mothers (SD) Test, significance

Drinking variables
Age first dranJ< alcohol 1mean.;
Age began drinking regularly (mean)
Current drinker (%)

18.3 (3.3)
20.s (4.7)
80.6

20.9 (6.2)
22.9 (6.9)
45.2

t = 2 . 0 2 5 , p = . 0 4 7
t  =  1 . 4 2 5 ,  p :  . l 6 l a
x2  =  8 .36 .  I  d f ,p  = .004

Whole sample, r = 4.125, p: .000
Drinkers only, t = 2.804, p = .008

Whole sample. t = 3.92, p: .A00
Drinkers only, t: 2.86, p = .001

X 2 : 1 4 . 0 8 , 2 d f , p = . g g g t

X2 = 15.64, 2 df, p = .gggrt

X2 = 18.71,2 df,p:.gggr,

X 2 =  1 8 . 3 3 , 2 d f , p = . g g g t

X2 = 8.71, 1 df, p = .003
xr  =  10 .15"  I  d f .p  =  .001,  oR =  6 .31

Current use of alcohol (mean drinks
per week)

Current consumption on weekends
Friday (mean)
Saturday (mean)
Sunday (mean)
Total for weekends (mean)
Percentage on weekends

Drinking in months before pregnancy
with index child (%)

Drank about the same (as current use)
Drank less (than current use)
Drank more (than current use)

Drinking during 1st trimester of pregnancy
with index child (%)

Drank about the same (as current use)
Drank less (than current use)
Drank more (than cunent use)

Drinking during 2nd trimester of pregnancy
with index child (%)

Drank about the same (as current use)
Drank less (than current use)
Drank more (than cunent use)

Drinking during 3rd trimester of pregnancy
with index child (%)

Drank about the same (as current use)
Drank less (than current use)
Drank more (than cunent use)

Smoking variables
Cunent smoker (o/o)
Smoked during index pregnancy (%)

Current use oftobacco (grams per
week)(mean)

Grams oftobacco used per week
lst trimester (mean)

2nd trimester (mean)

3rd trimester (mean)

Whole
sample
( n  :  3 1 )

r3 .0  (12 .6)

3.4
7.2
2 .0
12.6

(97.'�lo/o)

Drinkers
only

( n : 2 5 )

l 6 . l  ( 1 2 . 1 )

4.2
8.9
2.5
15.6

(e6.e%)

Whole
sample
(n =31)

2.8 (5.3)

0 .6
t . 9
0.2
2 .7

(5r .3%)

48.4
38.7
12.9

48.4
38.7
12.9

5 1 . 6
38.7

5 1 . 6
41.9
6 .5

48.4
45.2

Drinkers
only

(n :14)

6.3 (6.4)

l . J

$ . J

0.4
6.0

(93.8o/o)

19.4
22.6
58.  l

t9.4
19.4
61.3

1 6 . 1
22.6
6 1 . 3

1 6 .  I
29.0
54.8

83.9
83.9

Whole
sample
( n : 3 1 )

50.4 (44.6)

43.7 (3'�7.9)

44.7 (38.3)

42 .1  (38 .1)

Smokers
only

(n = 26)

60.0 (42.2)

s2.t (35.6)

s3.3 (35.9)

50.2 (36.3)

Whole
sample
( n  =  3 l )

29.5 (43.9)

2s.7 (39.0)

22.2 (33.9)

19.7 (32.6)

Smokers
only

( n : 1 5 )

6r .1 (45 .6 )

s3.t (41.2)

49.1 (3s.2)

43.6 (36.s)

Whole sample, r:  l .85l,p = .969.
Smokers only, t  = 0.073, p:0.942.

Whole sample, t: 1.843, p = gTgt
Smokers only, r = 0.083, p: .934,
Whole sample. t  -- 2.451, p :  .911
Smokers only, r = 0.358, p: .722"
Whole sample, t :2.482, p = .016
Smokers only, I = 0,540, p: .592a

"Not significant. bCell(s) <5 detract(s) from significance.

pattem of consumption. These bouts are characteristic of
heavy episodic drinking, as the mothers of FAS children
and the drinking controls consume 97o/o and.94oh, respec-
tively, of all of their alcohol on the weekends. In open_
ended comments, mothers of FAS children commonly
characterized the index pregnancies as extremely stressful
and particularly trying times in their lives, which they linked
to heavier drinking" A source of stress cited frequently was
a poor relationship with a heavy-drinking man. During the

trimesters of the pregnancy, control mothers generally (g7o/o
to 94o/o) continued to drink the same amount of alcohol or
less, compared with their current level. The majority (55%
to 64oh) of the mothers of FAS children, however, reported
drinking the same amount or substantially more, during the
index pregnancy. The average daily alcohol consumption
of the mothers of FAS children was 2.3 standard drinks per
day (i.e., 1.2 oz of absolute alcohol per day). It is of par-
ticular importance that the mothers of FAS children who
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are currently drinking are consuming eight standard drinks

(4 oz of absolute alcohol) on the typical drinking day. This

is the most meaningful measure of drinking risk, in this

population that drinks episodically.
Maternal smoking data (Table 4) reveal that mothers 'lf

FAS children were more likely than controls to be current

smokers (84%o vs 48oh) and to have smoked during the

index pregnancy (84oh vs 45o/o). There is little change in

percent smoking, over time, in either group. Also, the num-

ber of cigarettes smoked per week or daily did not differ

significantly between the individuals in the two groups ei-

ther currently or during any trimester of the index preg-

nancy. The current smoking levels are calculated for both

the entire sample and for smokers only (Table 4). Among

current smokers, mothers of FAS children consume 60

grams (l gram : I hand-rolled cigarette in South Africa)

of tobacco per week, and controls 61.1 grams- This trans-

lates to 8.6 cigarettes per day for FAS mothers and 8.7 per

day for controls. Therefore, control mothers who smoke

report smoking quantities similar to those of FAS mothers

for both culrent and index pregnancy. Both groups report

slightly lower levels of smoking during the index preg-

nancy, particularly in the last two trimesters of the control

pregnancies. However, since the differences between the

smoking quantity of smokers in the two groups is not sig-

nificant, either currently or in any of the trimesters, smok-

ing seems less important than alcohol as a teratogenic nsk.

Women of both groups smoke only a moderate amount per

day (by U.S. standards). This is likely due to a lack of

disposable income for purchase and because "rolling one's

own" takes more time, concerted action and thought than

using prerolled cigarettes. Whereas the quantiQ of ciga-

rettes smoked seems to present neither a major differential

nor overall influence on the smoking pregnancies across

groups, smoking is twice as colrunon among the mothers

who have had FAS children.

Discussion

This study has examined South-African data on known

maternal risk factors that have been described in other stud-

ies in the United States. The samples were drawn from an

active case ascertainment study of FAS in a predominantly

lower-SES population, from a developing region dominated

by over 200 years ofgrape and wine production. The char-

acteristics of matemal alcohol use described here, quite spe-

cif ic to the Western Cape population, may also have

implications for other mixed-ancestry, low-SES groups in

South Africa and elsewhere. This study, most importantly,

has raised questions relevant to low SES and to developing

areas, throughout the world, in which unique lifestyles and

episodic drinking patterns combine to produce high blood

alcohol concentrations in a substantial number of pregnant

women.

The mothers of FAS children and controls were matched

to represent similar cultural, racial and specific community

backgrounds. The mothers of FAS children had lower edu-

cational attainment and less regular practice of religion, but

were not significantiy lower on other SES variables- An

additional demographic risk factor that had been identified

in our overall epidemiological study of this region was ru-

ral residence. This variable was controlled here. however,

by case-control matching techniques. We re'rrted previ-

ously (May et al., 2000) that FAS cases in this communify

were found more frequently in rural areas than in the over-

all population. Instead of 26oh of the FAS cases originating

in the rural areas as predicted by the population distribu-

tion, 6loh were from rural environs (X2 : 8.96, p : .003;

OR = 14.8). Because of the residence matching in this study,

the rural/urban variable is controlled, leaving educational

attainment and religiosity as the major social differences.

The mothers of FAS children were not found to be of

signifrcantly higher gravidity or parity, or less likely to be

married at the conception and birth of the index child; this

is unlike the results of U.S. studies. Small sample size may

be partly responsible for these results; however, it should

also be noted that marriage rates were low in the control

groups as well. As in other studies (Wilsnack et al., 1991),

there is some tendency for the FAS mothers to be

cohabitating while single.
The mothers of FAS children were from families with

more extensive histories of heavy drinking and alcohol abuse

than families of controls (Pascoe et al-, 1995; Smith et al.'

1987). This difference was more prominent among mater-

nal grandmothers than maternal grandfathers, and more sig-

nificant among sisters than brothers. Furthermore, as in the

U.S. literature, the partners of women who had FAS chil-

dren were more likely to drink heavily. The current and

past drinking pattems of the mothers of FAS children were

confirmed to be significantly heavier than those of the con-

trols for all data points; this was notably true for continu-

ing to drink heavily and/or increasing drinking throughout

the gestation of the index child. The control mothers re-

ported significantly lower current drinking levels, which

generally declined during pregnancy. Episodic drinking on

weekends was the modal pattern for both groups, with
"bingeing" (5+ drinks) normative on 2 consecutive days

during the weekend for the FAS mother group. More moth-

ers of FAS children smoked than did confols and smoking

quantities were identified for smokers of both groups- Mem-

bers of neither group smoked high numbers of cigarettes

(by U.S. standards) or reported cutting tobacco use sub-

stantially during Pregnancy.
Because it was retrospective, this study had to confirm

alcohol intake during the index pregnancy while dealing

with problems related to recall of alcohol consumption many

years earlier. Measurement of drinking during pregnancy

has presented problems in studies of maternal behavior in
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both prospective and retrospective studies. In prenatal set-
tings, recall and self report of drinking 3 and 5 months
after first report was considered "moderately reliable," with
correlations for average daily volume between 0.61 and
0.53 (Robles and Day, 1990). A sunmary of reliability stud-
ies indicated that "research has failed to establish the pa-
rameters of reliable recall of alcohol consumption, including
the type of information reliably obtained (e.g., quantity,
frequency, specific beverages), the relationship between cur-
rent drinking practices, retrospective reliability, and the re-
liability of reporting over longer time intervals" (Czarnecki
et al., 1990, p. 69). However, a test of the reliability of
long-term (5-year), self-report of maternal alcohol consump-
tion concluded that original and retrospective data were
highly correlated (Czarnecki et al., 1990). Studies also
indicate that frequency of drinking is recalled better than
quantity, that the heaviest drinkers tend to report dispro-
portionately greater consumption when questioned 5 years
after the pregnancy, and that "considerable confidence can
be placed in retrospective reports of total alcohol consump-
tion by nonalcoholic women over a relatively long-term
interval" (Czarnecki et al., 1990, p 68). Heavy drinking
may be reported more accurately retrospectively than when
current measurements are taken during pregnancy (Czar-
necki et al., 1990; Jacobson et al., 1991). Some mothers
may tend to understate their actual levels of drinking dur-
ing pregnancy due to stigma, low self-esteem and depres-
sion (Jacobson et al., l99l).

Recall of exact quantities of alcohol consumed 6 to 9
years earlier in a low SES popuiation in which the modal
drinking pattern is a heavy episodic pattem could be prob-
lematic and inaccurate. Individuals in such populations ex-
perience a greater frequency of blackouts and memory loss,
most likely related to quantify of consumption. In this ex-
ploratory, communiry-based study in a unique social and
cultural setting, the research team chose to concentrate on
current recall of drinking and on ordinal measures of retro-
spective maternal drinking (e.g., more than or less than)
rather than assume that long-term recall or reporting of ex-
act quantities of fetal alcohol exposure was going to be
accurate. Stigma could have had an influence on validity in
this community; furthermore, we could not assume that
methods established in prenatal clinic settings in lower-risk,
western populations were directly applicable" As these ma-
temal interviews were tied to the larger study, they were
designed to accomplish three tasks: to rule out confound-
ing factors (e.g., smoking and other drugs) that might be of
significance for the diagnosis of FAS, to define the general
social and biological risk factors extant among these sub-
jects and to provide confirmation of alcohol consumption
during pregnancy (as per Stratton et al., 1996, criteria). The
prenatal drinking questions were, therefore, asked in a
unique, less threatening manner, and we based our quanti-
tative measures on current drinkine recall before movins to

simple but meaningful questions regarding the pregnancies
6 to 9 years earlier. The interdisciplinary research team
developed this conservative approach as the questionnaires
were drafted, piloted and finalized.

We have described a population in which the identified
current and past high levels of episodic drinking and other
maternal risk factors stand out among the mothers of FAS
children, although a number of high-risk factors are found
in both controls and mothers of FAS children. The percent-
ages of smoking and drinking, for example, are higher for
both groups than are reported rates for women in prenatal
studies in the United States. Prenatal surveys in three nearby
locales in the Western Cape indicated that 42.8o/o drank
alcohol and 45.60/o smoked during pregnancy (Croxford,
1998; Croxford and Viljoen, 1999). These percentages are
virtually identical to the levels reported by our control goup.
In this stud!, however, the case control comparisons have
identified some other variables, lifestyle patterns and levels
of alcohol misuse that appear to be associated with births
of FAS children.

Important questions remain

The amount of alcohol currently consumed by the moth-
ers of FAS children is not dramatically high by most stan-
dards (i6.1 drinks per week). But the data clearly indicate
that episodic drinking is the norm among all drinkers in
this community, and "binge" drinking may be the norm for
mothers of FAS children. Therefore, high blood alcohol
concentrations dwing episodes and "binges" elevate the like-
lihood of fetal damage for at least 2- to 3-day periods per
week. Furthernore, women may not be reporting (or be
able to report) all of the alcohol that they consume. In
piloting the study questionnaire, women were found to em-
phasize alcohol that they had purchased and to possibly
overlook or "skip" reporting alcohol distributed to them by
others (e.g., fellow workers, spouses or employers). At-
tempts were made by the research team to remedy this by
piloting several revisions of the questionnaire, using pic-
tures of standard alcohol containers of various sizes, and
vigilance and persistence by the interviewer. We still be-
lieve. however. that alcohol distributed and consumed un-
der group-sharing practices or the vestiges ofthe Dop system
remains underreported, at least among those who live on
farms where it is still available in spite of illegality. Fur-
thermore, there are iikely to be biologic and genetic vari-
abies that exacerbate fetal damage, which were not included
in this study. We have reported a very substantial differ-
ence in alcohol consumption between subjects and controls
and documented the propensity for heavy episodic drinking
among mothers of FAS children. A further question raised
is: Are these mothers likely to produce FAS children when
consuming relatively lower quantities of alcohol than has
been shown in studies elsewhere? The ohvsiolosical char-
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acteristics of the female population in this study (e.g., small
body size, relatively poor nutrition and diet, and possibly
unique genetic traits) suggest that researching other variables
(e.g., metabolism and body composition) may eventually
elucidate whether there is a particularly high propensiry in
this population to produce high blood alcohol concentra-
tions per unit of alcohol consumed and, therefore, elevate
the overall risk for FAS births.

Advancing age among mothers is a generally established
risk factor for FAS elsewhere (see Abel, 1998, pp. 162-166
for a review). The average (SD) age of this study's moth-
ers (26.7 17.21) at the birth of an FAS child is several years
younger than previously reported in the United States and
Westem Europe (Abel and Hannigan, 1995;Abel and Sokol,
1986; Bingol et a1., 1987a; Jacobson et al., 1996; May et
al., 1983; Sokol et a1., 1986). Neither initiation of drinking
at an early age, nor early onset ofregular drinking, explain
this difference (Chou and Pickering, 1992). The exclusive
episodic drinking pattern among the mothers of FAS chil-
dren in this study (possibly combined with lifelong and
current nutritional defrciency), may lead to higher blood
alcohol concentrations in mother and fetus and/or a more
rapid degradation of the body (e.g., the liver, leaching of
trace minerals, concentration of free radicals, etc.), making
FAS more likely to appear in the offspring at an earlier age
(see Abel and Hannigan, 1995). More research within this
population is needed to answ€r the question: Why do moth-
ers of the Westem Cape seem to be bearing children with
FAS at a younger average age than those elsewhere?

Limitations of the study

As noted above, possible biological and genetic risk fac-
tors were not included in this study, and other variables
that can adversely influence the mother's drinking behav-
ior and alcohol processing could not be addressed. Given
that matemal grandmothers tended to drink heavily, a sig-
nificant number of mothers of FAS children probably were
exposed themselves to alcohol prenatally. Since the results
of the current study indicate that mothers of FAS children
had lower educational attainment than did control mothers,
a question raised is whether mothers of FAS children had
more neuropsychological deficits than control mothers, lead-
ing to diminished self-regulation and alcohol abuse. There
exists, also, the possibility that mothers of FAS children
had more social and emotional problems than controls. The
data suggest that mothers of FAS children felt socially more
isolated and "more stressed" during pregnancy. The asso-
ciation between maternal depression, self-esteem, emotions
and drinking was not assessed. Finally, small sample size
limits the generalizibility of the results. Despite the above
limitations, this is the first systematic study to report risk
factors for prenatal alcohol effects in a large group of moth-

ers who have bome children in a developing country.

Prevention issues

The results show that matemal characteristics and risk
factors found among South African mothers were similar
to those reported in the West. Also, it is encouraging that
many of the factors that have been identified as possible
protective mechanisms from the heaviest maternal drinking
in this community are malleable or subject to change. Higher
educational attainment is a primary or broad-based univer-
sai level prevention option that may well be available to
the next generation of mothers in this communiry, given

the rapid changes in South Africa today. Furthermore, the
acquisition and daily practice of spiritual beliefs can be
facilitated, for religiosity may be a stabilizing force in the
iives of the control mothers. The question remains, how-
ever, whether these are truly protective factors. Are the
iower levels of education and religiosity among the moth-
ers of FAS children merely a result of the stifling effect of
growing up and living in an alcohol-saturated family envi-
ronment (see Hill et al., 1999; Rhodes and Jasinski, 1990)?

Individual and family improvement is amenable to
change through both therapy and general social and eco-
nomic development. Viable alternatives of selective and in-
dicated prevention are new prenatal policies and practices,
screening for early detection of alcohol problems, case man-
agement of high-risk women and treatment for alcohol mis-
use (Stratton et a1., 1996; May, 1995).

After the initial screening for FAS was undertaken, a
number of the members of the South-African and U.S. re-
search teams, combined with local and U.S. prevention spe-
cialists, held a 2-day community workshop to plan and
establish an ongoing prevention initiative. The session was

attended by knowledgeable and concerned people from all
over the Western Cape. The power structure of the study
community (including the mayor) was well represented. The
Instifute of Medicine (Stratton et al., 1996) comprehensive
prevention model was employed as a framework and as a
menu of possible techniques. A coalition was formed that
developed a strategy and a multifaceted plan. Prevention
efforts are currently underway, and awareness of the FAS
and alcohol abuse problems is increasing among many in
the Western Cape.

Conclusion

This study, of the characteristics of 3l mothers of chil-
dren with classic FAS in a unique population, has proven
to be both confirming and enlightening. Socioeconomic sta-
tus, race and some of the local conditions affecting preg-

nancy were relatively controlled by the homogeneity of the

community and the matching of the case-control sample.
That the sample is small, unfortunately limits statistical
power. Nevertheless, compared with any single previous

sfudy ofmaternal risk, data have here been presented from
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more mothers of "full-blown" FAS children. Confirmation
of a high rate of FAS within a predominantly lower-SES
population has been documented in an unique setting; even
in this predominantly low-SES, high-FAS-rate community,
the highest rate of FAS was found among the most socially
and economically impoverished women from very chaotic
extended families. Therefore, findings regarding general so-
cial class and family pathology were quite consistent with
the U.S. literature; yet, the study has highlighted some po-
tential risk and protective factors among the two groups.
Control mothers have spouses who are less likely to be
problem drinkers, report more regular practice of their reli-
gion, have higher educational attainment and familial net-
works characterized by much less drinking. The mothers of
FAS children report problem drinking throughout their ex-
tended family and during all trimesters of the pregnancy, a
sexual partner who drinks heavily, lack of religiosiry and
lower education levels. Studies such as this, which are based
on sampies of mothers who have had FAS children and
appropriate controls, assist in accurate descriptions and gen-
eral understanding. In addition, they provide contextual in-
formation to guide further research for hypothesis testing
and for designing appropriate prevention initiatives useful
in both the home communitv and elsewhere.
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Neurobehavioral Characteristics of Children with Fetal

Alcohol Spectrum Disorders in Communities from Italy:

Preliminary Results

Piyadasa Kodituwakku, Giovanna Coriale, Daniela Fiorentino, Alfredo S. Aragón,
Wendy O. Kalberg, David Buckley, J. Phillip Gossage, Mauro Ceccanti, and Philip A. May

Background: There has been considerable effort expended on defining neurobehavioral charac-
teristics of children with fetal alcohol spectrum disorders (FASD). Children with FASD display a
range of cognitive deficits and behavioral problems. In this article, we report on the neurobehavioral
characteristics of children with FASD in selected communities in Italy. It was expected that both
inattentive and hyperactive/impulsive characteristics would discriminate children with FASD from
controls and that the groups would also differ on intellectual functioning, language comprehension,
and academic skills.

Methods: Eighty-two children, 22 diagnosed with FASD and 60 control children, participated in
this study. The children were administered tests of nonverbal reasoning, language comprehension,
academic achievement, and behavior.

Results: On tests of nonverbal reasoning and language comprehension, the FASD group earned
lower scores than did controls. Moreover, on a test of academic achievement the FASD group scored
lower. When comparing these 2 groups on disruptive behavioral symptomatology, similar results
were obtained, the FASD group showing greater attentional difficulties and hyperactivity/impulsivity
behaviors and more overall behavioral problems. Stepwise logistic regression analysis showed that a
model containing inattention and error scores on the language comprehension task correctly classi-
fied 85% of the participants. Compared with the control group, a significantly greater proportion of
children with FASD met the Diagnostic and Statistical Manual of Mental Disorders—fourth edition
(DSM-IV) criteria of ADD, inattentive type, as reported by teachers. In contrast, hyperactive symp-
toms among children with FASD were comparable with the control group. Teachers rated children
with FASD as having more inattentive behaviors and as performing lower in academic skills than
controls. The association between reported hyperactivity symptoms and achievement scores was
nonsignificant for both language and math scores, suggesting that it is not the hyperactivity causing
problems, but the child’s inattention.

Conclusions: This research indicates that a nonclinic-referred sample of Italian children with
FASD display a profile of neurobehavioral functioning consistent with that reported by other
researchers. Furthermore, the neurobehavioral characteristic most identified with children diagnosed
with FASD was inattention followed by hyperactivity.

Key Words: Fetal Alcohol Syndrome, Fetal Alcohol Spectrum Disorders, Neurobehavioral
Characteristics, Inattention, Italy.

OVER THE PAST 30 years, researchers have expended
considerable efforts on defining neurobehavioral

characteristics of children with fetal alcohol syndrome
(FAS) or fetal alcohol spectrum disorders (FASD).
It is now known that children with FASD display intel-
lectual deficits, with their average IQs falling in the
borderline range (Mattson et al., 1997; Streissguth et al.,
1990). Researchers have also obtained evidence that
children with FASD perform less competently than
controls on a wide range of tasks, including those assess-
ing information processing (Jacobson, 1998), number
processing (Kopera-Frye et al., 1996), visual–spatial
reasoning (Carmichael Olson et al., 1998), visual memory
(Uecker and Nadel, 1996), verbal learning and memory
(Mattson et al., 1996), language (Abkarian, 1992), and
motor function (Roebuck et al., 1998). Behavioral and
emotional difficulties in these children have also been
documented (Bailey et al., 2004; Steinhausen and Spohr,
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1998). On tests of academic achievement, alcohol-affected
children tend to earn lower scores on arithmetic tests than
on other tests (Streissguth et al., 1994). There is evidence
that children with prenatal alcohol exposure have impaired
ability on tests measuring attention and executive functions
(Coles et al., 1997; Kodituwakku et al., 2001).
Despite significant advances in delineating neurobeha-

vioral outcomes of prenatal alcohol exposure, a
‘‘behavioral phenotype’’ of FAS or FASD has not yet been
defined. A behavioral phenotype refers to ‘‘a characteristic
pattern of motor, cognitive, linguistic, and social obser-
vations that is consistently associated with a biological
disorder’’ (O’Brien and Yule, 1995, p. 2). If there is a set of
characteristics consistently associated with FASD, it is
reasonable to expect that those characteristics discrimi-
nate alcohol-affected children from a random sample of
age peers in the general population. This requires identify-
ing a group of children with FASD from a population
and comparing them with a random sample of children
from the same population on a set of neurobehavioral
characteristics. Researchers are now able to conduct
population-based neurobehavioral studies of FASD thanks
to recent international collaborations (Riley et al., 2003).
In this article, we report on a neurobehavioral study of

FASD conducted in the context of an epidemiology
project completed in Italy. The Italian FASD epidemiolo-
gy project, partially funded under the Collaborative
Initiative on FASD (CIFASD), provided an opportunity
to explore the neurobehavioral characteristics of a
well-diagnosed cohort of children with FASD in a
Western European population. Although some of the
adverse effects of prenatal alcohol exposure on children
were first described in the contemporary medical literature
in France (Lemoine et al., 1968), drinking during preg-
nancy has not been recognized as a significant health risk
factor in Europe (Room, 2005). A relatively limited
number of studies of neurobehavioral outcomes of FAS
have been conducted in Western European countries. A
large European study of 18-month-old children (n5 1,240)
found no relationship between maternal drinking and
psychomotor abilities, although the level of drinking
reported by the mothers of this cohort was very low
(EUROMAC, 1992). Other studies in France (Lemoine
and Lemoine, 1992), Germany (Spohr et al., 1993;
Steinhausen, 1995; Steinhausen and Spohr, 1998), and
Scandinavia and Finland (Aronson and Hagberg, 1998;
Autti-Ramo, 2000; Larroque and Kaminski, 1998) have
revealed a general pattern of cognitive, intellectual, and
physical deficiencies for children whose mothers drank
moderate to heavy amounts of alcohol. A longitudinal
study in Finland with a cohort of alcohol-exposed children
reported results on intelligence measures that were some-
what variable (Riley et al., 2003). Whereas the children
between the ages of 5 and 9 years scored significantly lower
on verbal IQ than controls, in the 12- to 14-year age range,
performance IQ was significantly lower. There is 1 Italian

study (Roccella and Testa, 2003) that described various
characteristics of 6 subjects diagnosed with FAS. How-
ever, to our knowledge, no Italian population-based study
of neurobehavioral outcomes of prenatal alcohol exposure
has been reported before in the literature.
The selection of a test battery that has desirable psycho-

metric properties, and that can be used cross-culturally, is
a challenging task. Several considerations influenced test
selection: (1) minimization of burden on test administrators
and respondents (e.g., parents and teachers); (2) sensitivity
to the effects of prenatal alcohol exposure, as demonstrated
by previous research; and (3) having items of graded
difficulty and high internal consistency, so that the
discrimination power of the test is maximized. Neuro-
behavioral studies of children with FAS from South
Africa revealed that tests assessing fluid intelligence and
verbal comprehension discriminated alcohol-affected
children from controls (Adnams et al., 2001).
Atypical behavior has been the topic of significant

investigation with the FASD population (Bailey et al.,
2004; Coles et al., 1997; Streissguth et al., 1998). There is a
growing body of literature showing that children with
FASD tend to show a cluster of behavior problems
notable for impulsivity, disorganization, short-term
memory problems, and difficulty in understanding subtle
social cues (Streissguth et al., 1998). Previous studies
conducted by this group of investigators have shown that
alcohol-exposed children exhibit significantly more
behavioral problems than their typically developing peers
(Kodituwakku et al., 2001; Streissguth et al., 1998). Other
studies have reported that alcohol-exposed children
display marked behavioral problems, particularly in the
realm of social deficits (Kelly et al., 2000). These include
difficulty in understanding the social consequences of
behavior and inappropriate interactions. This cluster
of behavior problems overlaps with poor executive
function and has been called by some ‘‘dysexecutive
syndrome’’ (Baddeley et al., 2002; Wilson et al., 1996).
Researchers have also obtained evidence that children with
FASD are slow learners, who become ‘‘spacey’’ during
tasks, often making omission errors (Kodituwakku et al.,
2001). Children with attention deficit disorder (ADD),
inattentive type, are also characterized as being spacey
and forgetful. Researchers have also documented consist-
ently that alcohol-affected children are deficient in
academic skills, particularly math (Streissguth et al., 1994).
The primary purpose of this study was to compare chil-

dren with FASD with a sample of age peers, all without
FASD, on the above key neurobehavioral characteristics.
It was expected that both inattentive/hyperactive charac-
teristics and executive functioning would discriminate
children with FASD from a community random sample
of age peers (May et al., 2000). It was also expected
that the 2 groups would significantly differ on language
comprehension, intellectual functioning, and academic
skills, particularly in number concepts.
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MATERIALS AND METHODS

Sample

Eighty-two children, 22 diagnosed with FASD and 60 control
children, participated in this study. The FASD group was composed
of 11 males and 11 females diagnosed with FAS (n5 4, 18%), partial
FAS (n5 17, 77%), and ARND (n5 1, 5%). The child diagnosed
with alcohol-related neurodevelopmental deficits (ARND) met the
IOM diagnostic criteria as he had microcephaly (head circumference
o3 percentile) and had confirmed heavy maternal alcohol exposure.
The children ranged in age from 6.2 to 7.7 years of age with a mean
age of 6.8 years. The control group was composed of 29 males and
31 females who ranged in age from 6.1 to 7.2 years of age with a
mean age of 6.7 years.

The data originate from children participating in an in-school,
first-grade study of the prevalence and characteristics of FASD in a
school district in the Lazio Region in central Italy. The data in this
wave of research were collected over 7 months in the winter and
spring of 2003 to 2004. The school district is composed of 68 schools
with first-grade classes across a district some 60 km in circumference
and lying between 40 and 100 km from Rome. Twenty-five schools
were selected via a random number table. Italian research team
members obtained permission to proceed and then contacted all of
the parents and guardians for consent via take-home notices. Con-
sent forms were signed and returned by over half (51%) of all
parents, and after the first screening (for height, weight, and head
circumference) was completed, exactly half, 543, were present and
participated in this study. The result was an active case recruitment
consent rate of 50%. Of those who consented only 6% refused to
participate. Most studies of this type do not use active case findings.
Because this study used active case recruitment in a school setting,
there is probably less bias than a clinic-based study using passive
recruitment. One other study outside of South Africa that had a
higher participation rate was carried out in a county in Washington
State (Clarren et al., 2001), which used a passive consent procedure
that is no longer allowed in the United States and rarely elsewhere.

The children in this sample were enrolled in first grade at randomly
selected schools for whom consent to participate was provided. The
sampling and research procedures were approved by the Ethics
Committee of the regional Italian Health Department and by the
University of NewMexico Health Sciences Human Research Review
Committee (HRRC), whose approval was contingent on the Italian
approval.

Controls

Matched controls (for grade in school) were chosen from the same
schools in this region, randomly selected from those children for
whom signed consent forms had been provided. All children
underwent the exact same screening and controls were tested simul-
taneously with the index cases. Testers were blinded as to the group
membership of the children. Testers were affiliated with the Univer-
sity of Rome and were not familiar with the particular communities
or the individual children before the study. All students and their
parents, either suspected subjects or controls, were contacted for
testing, and the 2-hour battery was administrated in the schools.
However, 4 of the original 64 randomly selected control mothers
were missing maternal drinking data; thus they were excluded from
analysis resulting in a total of 60 control children and their mothers.
Given that we maintained a greater than 1:2 ratio of FASD and con-
trols, no attempt to replace the excluded controls was made.

Data Collection

The data collection for the diagnoses occurred via 3 tiers of screen-
ing. First the height, weight, and head circumference were measured
for each child by the local school physicians. In addition, teachers

completed the Parent/Teacher Disruptive Behavior Disorder Rating
Scale (Pelham DBDRating Scale; Pelham et al., 1992; only attention
and hyperactivity scales) and the ‘‘Questionario Osservativo per
L’identificazione Precoce delle Difficoltà di Aprendimento’’ (IDPA;
Terreni et al., 2002). If a child was at or below the 10th percentile in
height or weight or head circumference on U.S. National Center for
Health Statistics (NCHS) charts or if a child had attention and
hyperactivity deficit or learning difficulties, then he/she was
advanced to the second tier of the study. In this second tier, the
dysmorphological examination was done. Only the children who met
the criteria for the diagnosis of FAS and controls group were
advanced to the third tier of the study. In this third tier, psychological
testing was carried out in the schools of each child by bachelors and
master-level psychologists who were employed by the grant to the
University of Rome. In addition the mothers of the selected children
completed the Pelham DBD Rating Scale (only attention and hyper-
activity scales) and the Problem Behaviors Checklist (PBCL-36;
Streissguth et al., 1998). The maternal risk factors interview was
administered to the entire sample.

Under the diagnostic scheme used, a child meeting the following
criteria received a diagnosis within the FASD continuum. These cri-
teria represent modifications of the 1996 Institute ofMedicine (IOM)
criteria (Stratton et al., 1996), allowing their practical application in
clinical settings (Hoyme et al., 2005).

The revised IOM diagnostic guidelines were developed over the
past 6 years and recently published by members of the research team
(Hoyme et al., 2005). Under these criteria a child who has the fol-
lowing features/characteristics meets the criteria for the diagnosis of
FAS: 2 or more of the cardinal facial anomalies of FAS (short palpe-
bral fissures, thin vermilion border, and/or smooth philtrum),
prenatal and/or postnatal growth retardation (�10 percentile), and
small head circumference (�10 percentile) or other evidence of struc-
tural brain abnormalities with or without confirmation of maternal
drinking. For partial FAS a child must have 2 or more typical facial
features and 1 or more of the following characteristics: prenatal and/
or postnatal growth retardation (�10 percentile), evidence of abnor-
mal brain growth or structure (e.g., microcephaly �10 percentile),
or evidence of characteristic behavioral or cognitive abnormalities,
with or without evidence of maternal drinking during pregnancy.
For a diagnosis of ARND a child must have documented prenatal
alcohol exposure, display neurological or structural brain abnormal-
ities (e.g., microcephaly), or manifest evidence of a characteristic
complex pattern of behavioral or cognitive abnormalities incon-
sistent with developmental level and not explained by genetic
predisposition, family background, or environment alone (see
Hoyme et al., 2005; Stratton et al., 1996).

Instruments Used

The psychological and developmental evaluations were completed
using a battery of tests that included measures of perceptual nonver-
bal reasoning ability, language comprehension measure, academic
achievement, and behavior. The instruments used were The Raven-
Colored Progressive Matrices (CPM; Raven et al., 1947, 1985), the
Rustioni Test of Language Comprehension ‘‘Prove di Valutazione
Della Comprensione Linguistica’’ (Rustioni, 1994), an Italian test of
academic achievement ‘‘Questionario Osservativo per L’identificazi-
one Precoce delle Difficoltà di Aprendimento’’ (IDPA; Terreni et al.,
2002), the Parent/Teacher Disruptive Behavior Disorder (DBD)
Rating Scale (Pelham et al., 1992), and the Problem Behaviors
Checklist (PBCL-36; Streissguth et al., 1998).

Raven CPM. The Raven CPM is a standardized test designed to
assess nonverbal reasoning ability. Specifically, this test assesses rea-
soning in the visual modality and is a measure of inductive reasoning
(Alderton and Larson, 1990). The CPM was designed for use with
young children and the elderly. Coupled with a standardized test of
language ability, it can take the place of a single test of intelligence. It
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was chosen because the child’s responses do not require verbaliza-
tion, skilled manipulative ability, or differentiation of visuospatial
information (Zaidel et al., 1981).

Rustioni Test of Language Comprehension and IDPA Question-
naire. The Rustioni (1994) is an Italian test of linguistic understanding
that was developed and normed on the Italian population. Therefore, it
provides information that is comparable within the Italian population.
It was modeled after the Test for the Reception of Grammar
(TROG) (Bishop, 1989). The test is packaged in booklet form with
a multiple-choice format. It is designed to assess understanding
of grammatical contrasts in Italian. The child is shown a page with
4 picture choices and must select the picture that matches a spoken
sentence. The test takes 10 to 20 minutes to administer. It has been
standardized on over 2,622 Italian children ages 3.6 to 8 years, and it
assesses the comprehension level in respect to the chronological age
of the child. Errors are assessed in respect to chronological age,
which provides an estimate of the real age-graded comprehension
level of the child. Further, children’s current levels of academic
achievement in the domains of language and math were assessed
using the IDPA test (Terreni et al., 2002). This is an Italian normed
test designed to identify difficulties in learning by measuring
academic achievement.

Problem Behaviors Checklist. The Problem Behaviors Checklist
(PBCL-36) is a short, easy-to-administer scale that purports to meas-
ure the behavioral characteristics of FAS, regardless of age, race, sex,
or IQ (Streissguth et al., 1998). The scale consists of 36 items per-
taining to several areas of functioning: academic/work performance,
social skills and interactions, bodily or physiological functions, com-
munication and speech, personal manner, emotions, and motor skills
and activities. The checklist was completed by the child’s mother.

Parent/Teacher Disruptive Behavior Disorder Rating Scale. The
Parent/Teacher Disruptive Behavior Disorder Rating Scale (DBD)
Rating Scale provided a measure of attention deficit hyperactivity
disorder (ADHD), oppositional defiant disorder (ODD), and con-
duct disorder (CD) (Pelham et al., 1992). Only the items assessing
inattention and hyperactivity/impulsivity were used for this study.

The Raven CPM, DBD, and PBCL-36 have all been used exten-
sively with children from South Africa who were prenatally exposed
to alcohol (Adnams et al., 2001; Viljoen et al., 2005). Utilizing the
same testing instruments across cultures provides data that can then
be compared, thus enhancing our knowledge of the general intellec-
tual and behavioral characteristics of children with FASD (Riley
et al., 2003).

Maternal Questionnaire

The mothers of the FASD and control children became the sub-
jects of a portion of the study concerned with maternal risk. The
mothers of randomly selected control children who had no symp-
toms of FASD are believed to be representative of the average
women in this region with regard to drinking patterns, nutrition,
demographic variables, fertility and childbearing, and behavioral
health issues.

The maternal drinking questions were asked in the context of a set
of general health questions and immediately followed questions
about daily diet and diet during the index pregnancy (King, 1994;
May et al., 2005). The alcohol exposure variable should be as accu-
rate as possible given the sensitive nature of these questions in Italy,
where there seems to be a general awareness that alcohol abuse and
pregnancy are not compatible. Data were first collected, via time line
follow back methods (Sobell and Sobell, 1995; Sobell et al., 2001), on
current drinking via a 7-day drinking log that began with the day
before the interview and worked backward in time. Questions and
sequence were designed to help the interviewee in recall and to real-
istically calibrate their responses for accurate reporting (Graves and
Kaskutas, 2002; Kaskutas and Graves, 2000, 2001). Retrospective
reports of drinking levels during pregnancy have reported in some

studies as higher and also in some to be as accurate or more
accurate than the reporting of drinking during pregnancy (Alvik
et al., 2006; Czarnecki et al., 1990). However, Jacobson et al.
(1991, 2002) also reported that prospective maternal reporting was
likely to be more accurate in detecting behavioral effects than
retrospective reports and that retrospective reporting did not con-
sistently detect neurobehavioral outcomes. Nonetheless, accurate
maternal drinking reports are key to identifying levels of drinking
that are associated with deficits in psychological functioning. Some
of the aggregate results of the maternal risk factors are described in
another paper of the epidemiological findings of this study. In
general, maternal interviews of this sample revealed statistically
significant differences in current maternal and drinking before preg-
nancy (see Table 1).

Data Analysis

All data were entered, and statistical calculations performed,
using SPSS (Version 11.0.0; SPSS for Windows, SPSS Inc., Chicago,
IL). Simple comparisons between FASD and control groups were
performed using the independent group t-test. In cases where
Levene’s test for equality of variances departed from the normal

Table 1. Maternal and Child Demographic and Background Information,
Means, Standard Deviations, and p Values

FASD Control p Value

Maternal demographics
Maternal age (y) on day of

interview (SD)
37.8 (5.27) 36.6 (5.88) NS (0.413)a

Maternal age (y) at birth of
index child (SD)

31.8 (4.27) 29.6 (5.73) NS (0.157)a

Maternal education attainment (%)
Elementary 17.6 1.7
Junior high 41.2 30.0 0.015b

Senior high 17.6 50.0
College degree 23.5 18.3

Among those employed, mother’s monthly income (Euros), %
o500 66.7 47.5
501 to 1,000 20.0 22.0 NS (0.457)b

1,001 to 1,500 6.7 23.7
1,501 to 3,000 6.7 6.8
Estimated number of drinks

during pregnancy c
0.47 (0.71) 0.30 (0.49) NS (0.264)a

Among current drinkers and smokers
Estimated number of drinks/d 1.72 (2.17) 0.80 (0.36) 0.008
Estimated number of drinks/

wk
8.97 (16.58) 1.59 (2.04) 0.004

Estimated number of drinks/
mo

41.90 (73.68) 8.00 (9.03) 0.008

Estimated number of
cigarettes/d

9.12 (7.87) 8.75 (4.32) NS (0.893)

Child demographics and information
Child age (y) 6.3 (0.456) 6.2 (.376) NS (0.28)a

Child gender (%)
Males 50.0 48.3 NS (0.893)b

Females 50.0 51.7
Child height (cm) 116.1 (5.22) 121.6 (4.59) o 0.0001a

Child weight (kg) 21.9 (4.43) 25.4 (4.57) 0.002a

Child head circumference (cm) 50.7 (1.78) 51.8 (1.14) o 0.0001a

Total child dysmorphology
score

12.4 (3.88) 3.3 (3.09) o 0.0001a

at-test.
bw2 test of data.
cEstimated number of drinks consumed on a typical day during preg-

nancy.
NS, not significant; FASD, fetal alcohol spectrum disorders.
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distribution, equal variances were not assumed and the appropriate
adjusted t-value and degrees of freedom are indicated and reported.

A binary logistic regression was performed to determine the asso-
ciation between group membership and neurobehavioral variables,
taking the interrelationships among neurobehavioral characteristics
into consideration. Logistic regression was preferred to discriminant
function analysis because the former makes less restrictive assump-
tions than the latter (Howell, 2002), in particular with regard to the
distributions of independent variables. As there was a colinearity
(r5�0.81) between the 2 measures of language comprehension,
qualitative assessment, and the number of errors, only the error
score was used as an index of language ability in the estimation of
logistic function. Hyperactivity and inattention subscale scores from
the DBD Rating Scale were converted into categorical variables,
each consisting of 2 levels: ‘‘Met DSM criteria’’ and ‘‘Did not meet
DSM criteria.’’ The recommended cutoff score of 6 or more items
endorsed was used in creating these categories (Pelham et al., 1992).
Thus, the following variables were entered as predictors of group
membership (FASD vs controls): Raven’s CPM, language errors,
inattention (categorical), hyperactivity (categorical), and learning
scores. These variables were entered using the stepwise method.

RESULTS

Table 1 presents a summary of both maternal demo-
graphic data and child characteristics. The data
indicate that, with the exception of education level, there
were few differences between the mothers of FASD chil-
dren and control mothers. Mothers of FASD children
were generally lower in education (58.8% had not gradu-
ated from high school), although there were slightly more
in the FASD group who had a college degree than con-
trols. The mothers of the 2 groups were similar in age at
interview, age at birth of index child, income, and estimat-
ed number of drinks during pregnancy. However, some of
the 21 mothers of children (there was 1 set of twins) diag-
nosed with FASD appear to have underreported their
alcohol use during pregnancy (n5 4) as some reported no
drinking during pregnancy even though their child had
severe characteristics of FASD and were diagnosed as
FAS and 5 mothers were not interviewed because of adop-
tion/foster placement or refusal. However, direct and/or
collateral evidence of prenatal drinking for the index
pregnancy was obtained for 3 of the 4 mothers. When
examining current maternal drinking and smoking,
estimated number of drinks per day, week, and month
were all significantly different between the 2 groups for
drinking but not for smoking. The demographic charac-
teristics of children diagnosed with FASD and control
children were well matched in terms of sex balance
and age. As expected, the 2 groups were significantly
different with respect to height, weight, head circumfer-
ence, and overall dysmorphology score.
Additional analyses (see Table 2) looking at other socio-

environmental indicators were conducted, which revealed
that maternal education, paternal education, and number
of maternal drinks in the past month were not correlated
with child behavioral problems as measured by the PBCL,
(r5 0.17, 0.04, and 0.04, respectively). These data reflect

that maternal and paternal education and current drinks
were not related to the PBCL-36. We also explored corre-
lations between prenatal drinking and smoking in
3 trimesters, current drinks per typical drinking day, and
current drinks per month with various behavioral outcome
measures, such as language comprehension, nonverbal
IQ, problem behavior, inattention, and hyperactivity. Of
those 25 correlations, several were statistically significant;
4 of the 5 for inattention were significant, drinks in the
first, second, and third trimesters and current drinks per
month (r5 0.23, 0.31, 0.31, and 0.24, respectively). Also,
maternal education was not correlated with the child’s
nonverbal IQ, language comprehension, or teacher ratings
of inattention, (r5�0.03, �0.14 and 0.10, respectively).
The focus of the first set of analyses was to explore the

differences between the FASD and control groups on
measures of intellectual ability, language, learning, and
teacher-rated behavior. A summary of mean ratings on
nonverbal IQ, language comprehension, and behavioral
symptoms are presented in Table 3. Examining the overall
mean ratings for the FASD and controls suggests that the
FASD group performed significantly lower than did the
control group. More specifically, on a test of nonverbal,
abstract reasoning (Raven CPM), the FASD group scored
significantly lower (17.86) than the control group (21.78)
[t(80)5�3.25, p5 0.002]. This finding is also illustrated by
the difference in percentile scores (55.00 vs 72.50). It
should be noted, however, that the alcohol-exposed group
was relatively high functioning on the Raven CPM, with
the percentile ranks of this group varying from 25 to 95
and the overall functioning falling in the average range
(mean percentile5 55.00).
When comparing the groups on the Rustioni test of lan-

guage comprehension, the FASD group made significantly
more errors (7.95) than did controls (5.27) [t(80)5 4.42,

Table 2. Pearson’s Correlation Coefficients for Behavioral Problems, Inat-
tention, and Maternal Education on Select Maternal and Child Variables

Variables

Behavioral problems (PBCL)

r r2 F statistic p Value

Maternal education 0.17 0.03 2.16 NS40.05
Paternal education 0.04 0.00 0.09 NS40.05
Number of maternal drinks in

past month
0.04 0.00 0.13 NS40.05

Inattention (DBD)
Drinks/mo first trimester 0.23 0.05 4.04 o0.05
Drinks/mo second trimester 0.31 0.09 7.43 o0.01
Drinks/mo third trimester 0.31 0.09 7.43 o0.01
Current drinks/d 0.20 0.04 3.04 NS40.05
Current drinks/mo 0.24 0.06 4.38 o0.05

Maternal education
Raven CPM �0.03 0.00 0.06 NS40.05
Rustioni (total errors) �0.14 0.02 1.56 NS40.05
Teacher DBD rating of
attention

0.10 0.01 0.82 NS40.05

NS, not significant; PBCL, Problem Behaviors Checklist; CPM,
Colored Progressive Matrices; DBD, Disruptive Behavior Disorder.
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po0.001]. Impaired performance of the FASD group on
linguistic comprehension is further illustrated by a lower
mean score earned by this group on the qualitative assess-
ment of test performance [t(80)5�3.31, p5 0.001]. On a
test of academic achievement (IPDA questionnaire) the
FASD group scored significantly lower than did controls
[t(58.15)5�4.16, po0.001]. The FASD group, as rated
by teachers, had greater deficits than the control group in
basic skills required for learning language [t(78)5�3.64,
po0.001] and math [t(79)5�4.08, po0.001]. Given that
linguistic comprehension errors can be associated with
inattention and learning disabilities, Spearman’s rank-
order correlation coefficients were computed between
comprehension error scores, DBD inattention scores, and
academic skills ratings for language and math. Results
revealed that comprehension errors correlated signifi-
cantly with inattention and academic skills ratings for
language and math. (Spearman’s r 5 0.33 and �0.47 and
�0.39, respectively, po0.001).
Overall these analyses support the hypothesis that chil-

dren diagnosed with FASD demonstrated significant
difficulty on tests of inductive nonverbal reasoning, lan-
guage comprehension, and academic achievement when
compared with randomly selected Italian control children.
Further, when comparing these 2 groups on disruptive

behavioral symptomatology, similar results were obtained
(see Table 3). The DBD teacher ratings of behavioral
symptoms for the children with FASD suggest significantly
more inattention characteristics than controls (4.32 vs
0.65) [t(23.25)5 4.85, po0.001] and more hyperactivity/
impulsivity behaviors (2.14 vs 0.70) [t(27.39)5 2.26,
p5 0.032]. Further, when parents were asked to make the
same ratings, the FASD group was described as having
significantly more attentional and hyperactivity/imp-
ulsivity-related behaviors [t(22.70)5 2.68, p5 0.013, and
t(27.36)5 2.58, p5 0.015, respectively]. Finally, on the

PBCL-36 the FASD children were reported to have signif-
icantly more behavioral problems than did controls
(9.14 vs 3.92) [t(54)5 3.94, po0.001]. These results sug-
gest that overall, children diagnosed with FASD exhibit
significantly more behavioral problems compared with
control children.
A binary stepwise logistic regression analysis showed

that a model containing inattention (Wald 5 10.15, df5 1,
p5 0.001) and error scores on the language comprehen-
sion task (Wald 5 5.03, df5 1, p5 0.025) correctly
classified 85% of the participants. The association between
group membership and inattention was further explored
by analyzing the frequency of children meeting the DSM
criteria in the 2 groups. Compared with the control group,
a significantly greater proportion of children with FASD
met the DSM-IV criteria of ADD, inattentive type as
reported by teachers (2% control vs 55% FASD). In con-
trast, prevalence rate of hyperactive symptoms among
children with FASD was comparable with that observed
in the control group. Only 4 (18%) of 22 children with
FASD met the DSM-IV criteria of ADD, hyperactive
type. It should be underscored that inattentive behaviors
in the FASD group were negatively correlated with their
teacher-rated language and math skills (Spearman’s r
�0.49 and �0.46; po0.001, respectively). Thus, teachers
rated children with FASD as having more inattentive
behaviors and as lower in academic skills than controls.
In sharp contrast, the association between reported
hyperactivity symptoms and achievement scores was not
significant for both language and math scores (Spearman’s
r �0.17 and �0.13), respectively. This suggests that it
is not the hyperactivity causing problems for the child.
Rather, it is the child’s inattentiveness.
A second set of analyses was performed to examine pos-

sible effects of having some undiagnosed ARND children
in our control sample. Controls were selected randomly.

Table 3. Means, Standard Deviations, and t-tests on Neuropsychological and Behavioral Tests

FASD (n 5 22) Controls (n 5 60)

df t p ValueMean SD Mean SD

Nonverbal IQ and language comprehension
Raven CPM 17.86 3.59 21.78 5.19 80 �3.25 0.002
Raven CPM percentile score 55.00 20.35 72.50 20.78 80 �3.39 0.001
Rustioni (total errors) 7.95 2.32 5.27 2.48 80 4.42 o0.001
Rustioni qualitative 3.36 2.15 4.90 1.74 80 �3.31 0.001
IPDA questionnaire 16.90a 3.41 21.25b 5.60 58.15c �4.16 o0.001

Behavioral symptoms
Teacher DBD rating of attention 4.32 3.46 0.65 1.31 23.25c 4.85 o0.001
Teacher DBD rating of hyperactivity/impulsivity 2.14 2.78 0.70 1.76 27.39c 2.26 0.032
Parent DBD rating of attention 2.18 2.97 0.45 0.98 22.70c 2.68 0.013
Parent DBD rating of hyperactivity/impulsivity 1.59 1.74 0.57 1.09 27.36c 2.58 0.015
PBCL-36 9.14a 5.72 3.92b 3.70 54 3.94 o0.001

aNot all n’s 5 22 due to incomplete data.
bNot all n’s 5 60 due to incomplete data.
cLevene’s Test for Equality of Variance was significant, used equal variances not assumed option in analysis.
PBCL, Problem Behaviors Checklist; CPM, Colored Progressive Matrices; DBD, Disruptive Behavior Disorder.
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The control children data were further analyzed compar-
ing control children with no prenatal alcohol exposure
with control children with prenatal alcohol exposure.
A summary of mean ratings on nonverbal IQ, language
comprehension, academic achievement, and behavioral
symptoms is presented in Table 4. Inspection of overall
mean ratings reveals that the data indicate that the 2 groups
of control children are comparable on measures of
nonverbal IQ, language comprehension, and academic
achievement. When comparing the 2 control groups on
disruptive behavioral symptomatology, the 2 control groups
differed significantly on teacher DBD ratings for inattention
and hyperactivity/impulsivity [t(57.71)5�2.34, p50.023, and
t(56.51)5�2.19, p5 0.032, respectively]. The groups,
however, were comparable on parent DBD rating of inat-
tention and hyperactivity/impulsivity, as well as on the
PBCL-36. These results highlight the possibility that some

children in the control group may have met the criteria for
ARND, but were not diagnosed using the population-
based methods of random control selection and the revised
IOM diagnostic criteria (Hoyme et al., 2005).
For complete clarification of our initial findings, the

data were also analyzed comparing the FASD group with
those control children with no maternal prenatal alcohol
exposure. A summary of mean ratings on nonverbal IQ,
language comprehension, academic achievement, and
behavioral symptoms is presented in Table 5. Examining
the overall mean ratings for the FASD and control groups
on measures of nonverbal IQ, language comprehension,
and academic achievement, it is suggested that the FASD
group performed considerably worse than control children
with no prenatal alcohol exposure. They performed signif-
icantly lower on the Raven CPM [t(39)5�2.02, p5 0.049]
and made significantly more errors (7.95) than control

Table 4. Means on Neuropsychological and Behavioral Tests Between Control Subjects with no Prenatal Exposure Versus Control Subjects with
Prenatal Exposure

Controls with no prenatal exposure
(n 5 19), mean (SD)

Controls with prenatal exposure
(n 5 41), mean (SD) df t p Value

Nonverbal IQ and language comprehension
Raven CPM 20.63 (5.11) 22.32 (5.21) 58 �1.17 ns .246
Raven CPM %-ile score 65.00 (23.80) 75.98 (18.51) 58 �1.94 ns .056
Rustioni (total errors) 5.63 (2.19) 5.10 (2.61) 58 0.774 ns .442
Rustioni qualitative 4.32 (1.80) 5.17 (1.67) 58 �1.80 ns .077
IPDA questionnaire 21.33a (6.01) 21.21b (5.48) 57 0.071 ns .943

Behavioral symptoms
Teacher DBD rating of attention 0.21 (0.63) 0.85 (1.49) 57.71c �2.34 .023
Teacher DBD rating of hyperactivity/impulsivity 0.16 (0.76) 0.95 (2.02) 56.51c �2.19 .032
Parent DBD rating of attention 0.58 (1.26) 0.39 (0.83) 58 0.690 ns .493
Parent DBD rating of hyperactivity/impulsivity 0.37 (0.83) 0.66 (1.20) 58 �0.954 ns .344
PBCL-36 3.50a (3.86) 4.06b 3.70 40 �0.415 ns .680

aNot all n’s 5 19 due to incomplete data.
bNot all n’s 5 41 due to incomplete data.
cLevene’s Test for Equality of Variance was significant, used equal variances not assumed option in analysis.
NS, not significant; PBCL, Problem Behaviors Checklist; CPM, Colored Progressive Matrices; DBD, Disruptive Behavior Disorder.

Table 5. Means on Neuropsychological and Behavioral Tests Comparing FASD Children and Control Children with No Prenatal Exposure

FASD (n 5 22),
mean (SD)

Controls with no prenatal exposure
(n 5 19), mean (SD) df t p Value

Nonverbal IQ and language comprehension
Raven CPM 17.86 (3.59) 20.63 (5.11) 39 �2.02 0.049
Raven CPM %-itle Score 55.00 (20.35) 65.00 (23.80) 39 �1.45 NS 0.155
Rustioni (total errors) 7.95 (2.32) 5.63 (2.19) 39 3.28 0.002
Rustioni qualitative 3.36 (2.15) 4.32 (1.80) 39 �1.52 NS 0.136
IPDA questionnaire 16.90a (3.41) 21.33b (6.01) 26.01c �2.76 0.010

Behavioral symptoms
Teacher DBD rating of attention 4.32 (3.46) 0.21 (0.63) 22.61c 5.47 o0.001
Teacher DBD rating of hyperactivity/impulsivity 2.14 (2.78) 0.16 (0.76) 24.61c 3.19 0.004
Parent DBD rating of attention 2.18 (2.97) 0.58 (1.26) 29.19c 2.32 0.029
Parent DBD rating of hyperactivity/impulsivity 1.59 (1.74) 0.37 (0.83) 31.06c 2.93 0.006
PBCL-36 9.14a (5.72) 3.50b (3.86) 22 2.70 0.013

aNot all n’ s 5 22 due to incomplete data.
bNot all n’s 5 19 due to incomplete data.
cLevene’s Test for Equality of Variance was significant, used equal variances not assumed option in analysis.
NS, not significant; PBCL, Problem Behaviors Checklist; CPM, Colored Progressive Matrices; DBD, Disruptive Behavior Disorder.
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children who had no prenatal alcohol exposure (5.63) on the
Rustioni test of language comprehension [t(39)53.28,
p50.002]. Similarly, on a test of academic achievementmeas-
ured by the IDPA questionnaire, the FASD group scored
significantly lower than did controls [t(26.01)5�2.76,
p50.010]. Furthermore, the FASD group as rated by teach-
ers had greater deficits than the control group in basic skills
required for learning language [t(37)5�2.71, p5 0.010],
and math [t(38)5�3.82, p5 0.001].
Furthermore, when comparing teacher ratings on

disruptive behavioral symptomatology, the FASD group
had more attentional problems [t(22.61)5 5.47, po0.001]
and hyperactivity/impulsivity problems [t(24.61)
5 3.19, p5 0.004]. Similarly, parent ratings of inattention
[t(29.19)5 2.32, p5 0.029] and hyperactivity/impulsivity
[t(31.06)5 2.93, p5 0.006] were also significantly differ-
ent. Lastly, the FASD children were reported to have
significantly more behavioral problems as measured by
the PBCL-36 [t(22)5 2.70, p5 0.013].

DISCUSSION

The results of these analyses support the overall
hypothesis that children diagnosed with FASD would
demonstrate significant difficulty on tests of nonverbal
reasoning and language comprehension and display
significantly more behavioral problems compared with
control children. As predicted, the alcohol-exposed
children exhibited significantly more difficulty than the
control group on the Raven CPM, suggesting impairments
of nonverbal intellectual ability and abstract reasoning.
Further, these children performed significantly lower on a
test of language comprehension (Rustioni) and a test of
academic achievement (IPDA). These findings suggest that
children with FASD demonstrate impairments on tests
of nonverbal IQ and linguistic comprehension, and are
consistent with previous research (Kodituwakku et al.,
2001; Streissguth et al., 1994). When comparing children
with FASD to a group of control children with no prenatal
alcohol exposure, the FASD group made significantly
more errors on a test of language comprehension and
performed significantly lower on a test academic achievement.
On those measures designed to assess problem behaviors

associated with FASD, children diagnosed with FASD
were rated significantly higher with attentional and hyper-
activity problems by both teachers and mothers. The
results of the stepwise logistic regression revealed that
inattentive characteristics and verbal comprehension
difficulty primarily predicted FASD–control group differ-
ences. Furthermore, on a problem behavior checklist, the
FASD group was reported to have significantly more
behavioral problems. Again, these findings are consistent
with the literature (Kelly et al., 2000; Kodituwakku et al.,
2001; Steinhausen and Spohr, 1998; Streissguth et al.,
1998). Further, when the FASD group was compared with
a group of control children with no prenatal alcohol

exposure, children with FASD were rated by both teachers
and parents as having significantly more problem behaviors.
Thus, the results indicate that the FASD group, which

was identified through a population-based study, statisti-
cally differed from a random sample of peers on all
neurobehavioral measures that were utilized. Given that
the FASD group did not have prior diagnoses of neurode-
velopmental disorders, it is unlikely that confounding
factors such as placement in special education classes
would account for the observed group differences. Fur-
thermore, Italian children with special needs are primarily
mainstreamed. There are no special education classes and
children are only pulled out for some limited special edu-
cation tasks. The 2 groups differed, however, in maternal
education, with the number of years of formal education
completed by mothers being lower in the FASD group.
However, correlation analysis indicated no significant dif-
ference by mother’s education. Because children in the
FASD group had morphological anomalies typically seen
in those with prenatal alcohol exposure, it is also highly
probable that the teratogenic effects of alcohol contribut-
ed to the observed group differences. Given that reported
maternal alcohol consumption of the FASD group is low
and is not significantly different from that of the control
group, one can raise the question of whether an unknown
syndrome would account for morphological and behavio-
ral differences in this group. While this possibility cannot
totally be ruled out, the most plausible explanation is that
mothers of the FASD group underreported their alcohol
consumption during pregnancy. Current drinking meas-
ures may be better indication of actual drinking levels.
Further, the low accuracy of retrospective reporting of
prenatal alcohol intake may have influenced maternal
data. In support of this explanation is our finding that
many of these mothers did not endorse items on the PBCL.
Our findings were similar to another study where retro-
spective reports of behaviors are likely underreported by
mothers (Jacobson et al., 2002).
Examination of the clinical literature suggests general

that children diagnosed with FASD have ADHD. The
finding that inattentive, but not hyperactive, characteristics
predicted group membership is consistent with the emer-
ging literature on the cognitive-behavioral phenotype in
children with FASD. Inattentiveness is often associated
with slow information processing, as failure to comprehend
leads to impaired persistence. Numerous researchers have
reported that children with FASD display slow informa-
tion processing (Burden et al., 2005; Jacobson, 1998).
Kodituwakku et al. (2001) found that children with FASD
made both omission and commission errors, with omission
errors being related to parent-reported behavioral
problems. Omission errors can be considered related
to slow information processing and inattentiveness. In
keeping with this finding, the current results show that
inattentiveness, but not hyperactivity, is related to lower
math and language performance of the FASD group. In
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short, impairments of attention are most common in
children with FASD.
Deficient language comprehension also predicted group

membership. Successful performance on the Rustioni task
requires the integrity of a number of processes including
verbal working memory and language competence.
Adnams et al. (2001) identified language impairments as a
primary distinguishing characteristic in a group of children
with FAS identified through an epidemiological study in
South Africa. Given lower maternal education in the
FASD group, it is probable that this group was exposed
to lower levels of language skills (language input) than the
control group. There exists a large body of literature sug-
gesting that language input is a reliable predictor of syntax
and vocabulary development in children (Huttenlocher,
1998). Furthermore, some researchers suggested that chil-
dren with FASD may have ‘‘central hearing impairments’’
(Church and Kaltenbach, 1997). No functional neuroim-
aging data exist showing an association between brain
dysfunction and language deficits in children with FASD.
Voxel-based morphometry data show anomalies in the
left-hemisphere temporoparietal cortices, areas critical for
language processing (Sowell et al., 2001).
A number of limitations of the present study should be

noted. First, given that this sample of children diagnosed
with FASD is small, limiting the generalizability. Second,
some of the tests were not clinically sensitive enough to
differentiate between the wide spectrum of abilities among
children diagnosed with FASD and children who were not.
For example, although statistically significant, the Raven
CPM and the Rustioni scores ranged from average to high
average, with many of the FASD children scoring within
the average range. There was not as much variance
between the groups as would be expected and also would
be necessary to accurately describe this population. There-
fore, we conclude that the Raven may not be the best test
for discriminating or measuring nonverbal reasoning for
the Italian population, particularly for individual children
with FASD. In addition, although the PBCL-36 was trans-
lated and back-translated, this test was not representative
of the types of questions to which Italian parents are
accustomed to responding about their children. It seems
that the PBCL-36 does not relate well to Italian culture
and performed differently than in an American cultural
setting, which seems to be more problem oriented in
approach to child rearing. Perhaps Italian parents have a
different interpretation of problem behaviors than the
United States population in which the PBCL-36 was
developed. Essentially, there was great variance from
U.S.-published data. Anecdotally, several Italian parents
became defensive while completing the PBCL-36
questionnaire. It is also possible that symptoms such as
hyperactivity and impulsivity, as measured by the PBCL-
36 and the DBD Rating Scale should be viewed as a
relative cultural construct. These behaviors are perhaps
more expected or tolerated by Italians than by Americans.

Third, because this study of neurobehavioral functioning
was carried out in the context of a larger epidemiological
inquiry that was limited in time to no more than
12 months, the range of tests utilized and developmental
traits measured was more limited than we desired. Fourth,
although control mothers matriculated further in school,
maternal verbal and intellectual functioning was not
assessed. But correlation analysis showed no significant
difference in correlations between child behavior problems
and maternal education. Fifth, only 51% of parents con-
sented to participate, and therefore, it is unknown if a
systematic bias entered into subject selection. And finally,
it is possible that some children in the control group may
have met the criteria for ARND but were not identified
using this particular population-based screening and the
revised IOM methodology of diagnosis.
Despite the above limitations, the present study is the first

to demonstrate population-based neurobehavioral impair-
ments in a cohort of Italian children diagnosed with FASD.
This is also the first report indicating the association
between inattentive behaviors and measures of academic
functioning in a group of children with FASD. If this find-
ing is replicated, it will have significant implications for
developing intervention programs for children with FASD.
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Epidemiology of FASD in a Province in Italy: Prevalence

and Characteristics of Children in a Random Sample of

Schools

Philip A. May, Daniela Fiorentino, J. Phillip Gossage, Wendy O. Kalberg, H. Eugene Hoyme,
Luther K. Robinson, Giovanna Coriale, Kenneth Lyons Jones, Miguel del Campo, Luigi

Tarani, Marina Romeo, Piyadasa W. Kodituwakku, Luca Deiana, David Buckley, and Mauro
Ceccanti

Background: Accurate estimates of the prevalence and characteristics of fetal alcohol syndrome
(FAS) and fetal alcohol spectrum disorders (FASD) in a Western European population are lacking
and are of particular interest in settings where the usual pattern of alcohol consumption is thought to
be daily drinking with meals. To address these issues, an epidemiology study of FAS and other FASD
was undertaken in Italian schools.

Methods: Primary schools (n5 25) in 2 health districts of the Lazio region were randomly selected
and recruited for the study. Five hundred forty-three children, 50% of those enrolled in first-grade
classes, received parental permission to participate in a 2-tiered, active case ascertainment screening
process. Detailed evaluation of children selected in a preliminary screening phase was carried out on
those who were small for height, weight, and head circumference and/or referred by teachers for sus-
pected learning and behavioral problems. Detailed evaluation was carried out on each child’s:
(1) physical growth and dysmorphology, (2) psychological development and behavior, and (3) pre-
natal exposure to alcohol and other risk factors for FASD via maternal interviews. A group of 67
randomly selected children without FASD from the same classes was utilized as a comparison group.

Results: Using 2 denominators for prevalence estimation, a conservative one and a strict sample-
based estimate, the prevalence of FAS in this province of Italy was 3.7 to 7.4 per 1,000 children. When
cases of partial FAS (PFAS) and a case of alcohol-related neurodevelopmental deficits (ARND) were
added to FAS cases, the rate of FASD was 20.3 to 40.5 per 1,000 and estimated at 35 per 1,000 overall or
between 2.3 and 4.1% of all children. This exceeds previously published estimates of both FAS and
FASD for the western world. Detailed data are presented that demonstrate the utility of the guidelines of
the revised Institute of Medicine diagnostic criteria for FASD. Children with FASD are significantly
more impaired/affected (po0.05) than randomly selected comparison children on all measures of growth
deficiency, key facial features of FASD, overall dysmorphology scores, language comprehension, non-
verbal IQ, and behavior. Maternal reports of current drinking were significantly higher for mothers of
FASD children than comparison mothers, but reported rates of overall drinking during pregnancy were
not significantly different. In contrast to expectations, daily drinking among mothers of the comparison
group was not common. However, dysmorphology scores of the children were significantly correlated
with drinking in the second and third trimesters, drinks per current drinking day, and current drinks per
month. Finally, children with the physical features of FASD had lower IQs; nonverbal IQ was signif-
icantly correlated with head circumference and negatively correlated with overall dysmorphology score,
smooth philtrum, and several other facial and physical anomalies characteristic of FAS.

Conclusions: Using careful measures of ascertainment in a primary school setting, these results
provide relatively high estimates of the prevalence of FASD and raise the question of whether FASD
is more common in the western world than previously estimated.

Keywords: Fetal Alcohol Syndrome (FAS), Fetal Alcohol Spectrum Disorder (FAD),
Epidemiology, Prevalence, Italy.
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THE EPIDEMIOLOGY OF fetal alcohol syndrome
(FAS), or fetal alcohol spectrum disorders (FASD)

of any kind, had not been researched from a population-
based perspective in a Western European population.
However, in 2003, a collaborative plan between research-
ers from the United States and Italy was finalized with
officials of the U.S. National Institute on Alcohol Abuse
and Alcoholism (NIAAA) and several governmental
agencies in Italy to determine the nature and extent of
FASD in Italy. While most population-based epide-
miology studies of FASD have been carried out in
populations where heavy episodic drinking (e.g., ‘‘binge
drinking’’) is common, in much of Western Europe alco-
hol consumption is commonly believed to be moderate,
daily, and with meals.

RELEVANT LITERATURE ON FASD AND MATERNAL

DRINKING IN ITALY

Only a few cases of children with FAS in Italy have been
described in the published literature (Calvani et al., 1985a,
1985b; Moretti and Montali, 1982; Roccella and Testa,
2003; Scianaro et al., 1978; Scotto et al., 1993). These
articles present data on 24 cases where the physical and
behavioral characteristics are described as similar to those
FASD children in U.S. studies.
In Italy, where daily, moderate drinking is believed to be

the predominant pattern, some studies have shown no
relationship between maternal alcohol consumption,
reduced birth weight, or pregnancy loss (De Nigris et al.,
1981; Parazzini et al, 1994, 1996; Primatesta et al., 1993).
Other studies, however, have linked prenatal alcohol use
and smoking with low birth weight. Nonsmokers in Italy
who drank 10 g (0.35 oz) or more absolute alcohol a day
were at the highest risk for having low-birth-weight infants
(o2,500 g), and maternal alcohol consumption of 20 g
(0.75 oz or 1.5 drinks) per day significantly increased the
risk of preterm delivery (Lazzaroni et al., 1993a). Bonati
and Fellin (1991) found that more than one-third of 4,966
women delivering in Italian hospitals were daily drinkers,
and that nearly all of these women continued drinking
after recognition of pregnancy. The authors distinguished
between women who ‘‘drank between meals’’ and those
who did not, with slightly less than 1% falling into the
former category. Overall, maternal drinking was not asso-
ciated with lower birth weight, but the authors concluded
that birth weight is affected only by abusive drinking
(Bonati and Fellin, 1991), the small proportion who drank
between meals. Primatesta et al. (1993) also reported low
rates of binge drinking (1.4%) among prepregnant women
in Milan. However, in this same study, 9% of the women
reported risky to very risky average weekly consumption
of alcohol, with 29% continuing to drink daily during
pregnancy.

STUDIES OF FASD PREVALENCE AND OTHER

EPIDEMIOLOGICAL CHARACTERISTICS

Our review of the literature revealed no major epidemio-
logic studies of FAS or FASD previously undertaken in
Italy or in Western Europe that utilized extensive outreach
or other methods of active case ascertainment.
Most studies in the United States that have attempted to

define the prevalence and other epidemiological char-
acteristics of FASD have used clinic- (Astley et al., 2004;
Sampson et al., 1997) or record-based systems (Chavez
et al., 1988; Egeland et al., 1995, 1998) without active
recruitment in defined populations. Such methods are
likely to underreport the extent and specific characteristics
of the problem in any population (Leversha and Marks,
1995). Without active case ascertainment, many children
with FAS and other FASD are neither detected (Clarren
et al., 2001; Egeland et al., 1998; Little et al., 1990; Stratton
et al., 1996) nor referred for a diagnosis (see reviews in
Abel, 1995, 1996, 1998; Abel and Sokol, 1987, 1991; May
and Gossage, 2002; Stratton et al., 1996). Comparing stud-
ies of mainstream populations that utilize different
methods (e.g., passive vs active) is perilous if taken literally.
In population-based, active case ascertainment studies

of FASD cases are actively sought for examination and
diagnosis through outreach in a defined population through
an organized network of training and communication
(Stratton et al., 1996). All previously published, active case
ascertainment, population-based studies of FAS, except
one, were carried out in predominantly minority (usually
American Indian) and low-socioeconomic-status (SES)
communities in the United States and South Africa (Duim-
stra et al., 1993; May and Hymbaugh, 1982; May et al.,
1983, 2002; Quaid et al., 1993). While most population-
based studies have used active referral systems, in South
Africa in-school screening of first-grade children has been
pursued successfully in several waves (May et al., 2000,
2005; Viljoen et al., 2002, 2005). This study in Italy utilizes
methods similar to those used in South Africa.
Only one in-school study has been completed in any

population in the United States. Clarren et al. (2001) used
methods of passive parental consent (all children were
included unless parents took special measures to withdraw
them), which yielded very high participation in 1 county
in Washington State. In another Washington county,
active consent for children to participate was required,
which yielded low participation (o25%). In the high-
participation county, the rate of FAS was determined to
be 3.1 per 1,000, substantially higher than estimates of
FAS derived from passive ascertainment methods.
Recent clinic- and registry-based estimates of the preva-

lence of FAS in the mainstream United States population
have varied between 0.33 per 1,000 births and 2.0 (Abel
and Sokol, 1991; May and Gossage, 2002; Stratton et al.,
1996). Furthermore, the combined rate of FAS and
ARND (similar to FASD) has been estimated from
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clinical studies at 9 per 1,000 or approximately 1% (Samp-
son et al., 1997).
Owing to a lack of studies utilizing active case ascertain-

ment, and also because of recent advancements in the
clarification of the Institute of Medicine (IOM) categories
for FASD (Hoyme et al., 2005), we believe that the overall
rate of FASD may be higher in both the United States and
Western Europe than current estimates suggest. To develop
more accurate estimates of the prevalence and characteris-
tics of FAS and FASD in Western Europe, specifically
in a setting in which binge drinking is thought to be
uncommon, a team of U.S. and Italian investigators
carried out this active case ascertainment, population-
based study.

METHODS

Sample

The data originate from in-school, first-grade samples from
2 health districts of the Lazio region that lie outside of the large met-
ropolitan area of Rome. The study area is characterized by a number
of small towns and municipalities, some with suburban economies
(e.g., bedroom communities somewhat dependent on Rome) and
others that are relatively to completely self-sufficient, rural, and
agricultural in nature.

The study is a cross-sectional, observational, case–control design
with retrospective collection of maternal exposure information.
Using a random-number table, 25 schools were selected from the 68
schools in the 2 districts with first-grade classes. Italian research team
members approached the regional school administrators and each of
the selected schools to explain the study and gain permission to pro-
ceed. All parents and guardians of first-grade children were then

contacted via normal school communication channels, including
parent organization meetings in the evenings. The total number of
children enrolled as first graders in the randomly selected schools
was 1,086. Consent forms were signed and returned by slightly over
half (51%) of the parents. After the first tier of screening was com-
pleted, exactly half of the children, 543, were present and participated
in the first tier of screening. The children with consent to participate
in this study are believed to be representative of all children enrolled
in first grade at the randomly selected schools. All research proce-
dures were approved by both the Ethics Committee of the regional
health district in Italy (ASL RMG) and the University of New
Mexico Health Sciences Human Research Review Committee
(approval #03 089).

Initial Data Collection—Tier I Screening

Data collection for the diagnoses occurred via 2 tiers of screening.
In Tier I, height, weight, and head circumference [occipitofrontal
circumference (OFC)] were measured for each child by the local
school physicians. Percentiles for growth for each measure were
assigned by study staff using recently revised U.S. National Center
for Health Statistics growth charts (Kuczmarski et al., 2000). Chil-
dren at or below the 10th percentile on height, or weight, or OFC
were advanced to Tier II of the study (see Fig. 1). In addition to
growth, teachers were asked to refer any child with learning or
behavior problems. Referrals were made on the basis of a question-
naire that included items on inattention, hyperactivity, and learning
problems derived from the Questionario Osservativo per I’Identifi-
cazione Percoce delle Difficota’ di Apprendimento (IPDA; Terreni
et al., 2002) and a translation of the Pelham Disruptive Behavior
Disorder rating scale (Pelham et al., 1992). Of the 543 children in the
study, 158 met one or both of the above criteria for Tier II of the
study. Overall, 33.5% of the 158 children who entered Tier II
(the diagnostic phase) of the study solely because of size and/
or OFC, 13.9% entered by referrals for both poor growth and

Fig. 1. Methodological flow of the fetal alcohol spectrum disorders Study in Italy. Wave l. 2004.
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behavioral/learning, and 52.6% of the children entered solely for
learning and/or behavior problems. Additional children were also
entered into Tier II screening as controls.

Tier II—Diagnostic Procedures

In Tier II, 3 domains of assessment were explored for each child:
(1) dysmorphology, physical growth, and development; (2) psycho-
logical development (intelligence and behavior); and (3) maternal
risk factors. A standardized examination, by 4 dysmorphologists
working together in 2 teams, was carried out over a period of
2 weeks, followed immediately by the psychological testing.

Physical Exam—Dysmorphology, Physical Growth, and Develop-
ment. Physical assessment followed the revised IOM criteria
(Hoyme et al., 2005), a diagnostic schema that has also been pub-
lished in Italy (Spagnolo et al., 2005) and used in other countries:
South Africa, Russia, and Finland (Autti-Rämö et al., 2005). With
IOM criteria, a child who displays all of the following characteristics
meets criteria for the diagnosis of FAS: 2 or 3 of the cardinal facial
anomalies (short palpebral fissures, thin vermilion border, and/or
smooth philtrum), prenatal and/or postnatal growth retardation
(� 10th percentile), and microcephaly (� 10th percentile) or other
evidence of structural brain abnormalities, with or without confir-
mation of maternal drinking. For partial FAS (PFAS), a child must
exhibit 2 or more facial features and 1 or more of the following char-
acteristics: prenatal and/or postnatal growth retardation (� 10th
percentile), evidence of abnormal brain structure or growth (e.g.,
microcephaly � 10th percentile), or evidence of characteristic beha-
vioral or cognitive abnormalities, with or without evidence of mater-
nal drinking. For a diagnosis of alcohol-related neurodevelopmental
disorder (ARND), a child must have a solid documentation of sig-
nificant prenatal alcohol exposure, display neurological or structural
brain abnormalities (e.g., microcephaly), or manifest evidence of a
complex and characteristic pattern of behavioral or cognitive abnor-
malities inconsistent with developmental level and not explained by
genetic predisposition, family background, or environment alone
(Hoyme et al., 2005). Diagnosis of FAS or PFAS without a con-
firmed history of alcohol exposure must be viewed as tentative, but
IOM criteria allow diagnosis of these categories without definite
direct reports of exposure (Stratton et al., 1996).

The Dysmorphology Scoring System. Each child was examined by
1 of 2 teams of dysmorphologists working blinded from any knowl-
edge of the child and family. Interrater reliability for the lead
dysmorphologists of the teams in similar studies was found to be
0.82 to 0.92 in independent assessments of key facial measurements
(May et al., 2000; Viljoen et al., 2005). The data from each child were
recorded (in English) by a member of the research team working one
on one with the examining physicians. Each of the over 40 features
examined are features linked by research with FASD. Based on the
standardized assessment, a total dysmorphology score was calcu-
lated for each child. In the scoring system, some key features of
FASD are weighed more heavily than others. Small head circumfer-
ence, short palpebral fissures, smooth philtrum, and thin vermilion
border of the upper lip are all assigned a 3. Features assigned a score
of 2 are low weight for age, midfacial hypoplasia, ptosis, and ant-
everted nares. Most features carry a weight of 1 or 0. The highest
possible score is 36. Higher scores indicate more features consistent
with FASD (see Hoyme et al., 2005).

Preliminary Classification of FAS and Deferred. In the study, the
term ‘‘deferred’’ is used merely as a ‘‘holding’’ diagnosis pending
gathering of additional information for a final diagnosis. When a
child is examined by dysmorphologists in the first part of Tier II of
the study, he/she is assigned a diagnosis of probable FAS, deferred
as possible FASD, or not FASD. Probable FAS, deferred children,
and controls are then administered the battery of neuropsychological
tests. A final diagnosis is assigned later in case conference: FAS, par-
tial FAS, ARND, or not FASD. Four children left the study as still

deferred because of secondary refusals of consent or multiple
absences resulting in noncompletion of testing.

Psychological and Behavioral Measures. Psychological and devel-
opmental evaluations utilized a battery of tests that included
measures of perceptual and nonverbal reasoning ability, a language
comprehension measure, and 2 measures of behavior. The Raven
Colored Progressive Matrices (CPM; Raven et al., 1976) is a percep-
tual test instrument for assessing nonverbal reasoning ability. The
CPM version of the Raven is used with young children and the eld-
erly. Coupled with a standardized test of language ability, the Raven
can provide a single test of intelligence that is not culturally biased.
The Rustioni Test of Language Comprehension (Rustioni, 1994) is
an Italian test of linguistic understanding developed and normed on
the Italian population to provide an assessment of one’s understand-
ing of Italian grammar. The Parent/Teacher Descriptive Behavior
Disorder (DBD) ratio scale (Pelham et al., 1992) and the Personal
Behaviors Checklist (PBCL-3; Streissguth et al., 1998) measure
behavior and provided Italian parental and teacher perceptions of
the child’s behavior. These tests provided a battery that was brief, yet
culturally appropriate, to assess the functioning of the children on
general intelligence, language, and behavior. The Raven, Pelham,
and PBCL have been used with school children in other FASD stud-
ies in other countries (Adnams et al., 2001; Stromland et al., 2005).
Children performing poorly on most of these tests (generally 1.5 or
more standard deviations below the mean) were candidates for a
diagnosis of FAS, PFAS, or ARNDwhen other problems of growth,
dysmorphology, and maternal exposure to alcohol are present.
Ninety children with 1 or more features of FASD and 50 of the ran-
dom controls received the full battery of psychological tests (Fig. 1).

Maternal Interviews and Maternal Body Mass Index. All but 2 of
the maternal interviews were carried out at the schools. They were
initiated as soon as consent forms were received. The questionnaire
consisted of 175 items, many of which were drawn from question-
naires used elsewhere in FAS epidemiology projects (May et al.,
2005; Viljoen et al., 2002). Items were reviewed by the binational
research team and chosen for sensitivity and substantive and cultural
relevance. Translated from English to Italian, they were checked via
back-translation techniques. Domains covered by the instrument are
as follows: demographic and socioeconomic; reproductive history;
nutrition and eating pattern; drinking by quantity, frequency, and
timing of the alcohol exposure before, during, and after the index
pregnancy; and family and home environment. Body mass index
(BMI) scores were calculated with the following metric formula:
weight in kilograms/(height in meters). Low maternal BMI has
recently been linked to an increased likelihood for FAS births (May
et al., 2005; Khaole et al., 2004).

The mothers of all students were contacted for interviews to gather
information on maternal risk and protective factors in this popula-
tion and the specific exposure to alcohol. If a mother was not
available, collateral information was discretely sought whenever
possible. Maternal interviewers were blinded to all information on
the children. All 519 mothers who consented to have their children
examined, who were located, who consented, and who showed up for
an interview were interviewed. This was done so as not to single out
for stigma any particular women in the communities.

Eighty-six of the 94 mothers of children with one or more features
consistent with FASD (91.5%) were interviewed. Sixty-three of the
67 (94%) mothers of children ultimately retained as controls were
interviewed (Fig. 1). This paper reports primarily the data from 18 of
the 21 (85.7%) mothers of the 22 FASD children (there was 1 set of
twins) compared with the 63 control mothers for whom data were
most complete.

Case Conference for Final Diagnosis. In revised IOM diagnostic
methodology, the 3 separate data sets (a, d, and e above) are
independently collected and maintained by 3 separate groups of
professionals on the research team: (1) child growth, physical devel-
opment, and dysmorphology; (2) psychological and behavioral
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assessments; and (3) maternal risk and protective data. During the data
collection phase, there is no sharing of findings across disciplines. Once
all data are collected and filed electronically in a centralized data bank,
then summary findings are prepared on each child via a case confer-
ence form. At case conferences, all of the research team, representing
each of the 3 substantive/data domains, comes together over several
days to review and discuss Tier II findings on a case-by-case basis.
A final diagnosis for each child and control (to confirm that randomly
selected controls do not have an FASD) is assigned. Representatives of
each discipline/data domain present data for each child still blinded as
to the reason the child entered Tier II of the study. The diagnosis is
then made by consensus or, if necessary and very rarely, by vote.

Selection of the Control Children. Controls attending the same
first-grade classes were chosen (n5 75) via a random-number table
from all 543 children for whom there were signed consent forms,
regardless of the child’s size or a referral for behavioral/learning
problems. They are believed to be representative of the average or
modal child enrolled in these first-grade classes. Control children
underwent the screening and testing simultaneously with the index
cases. Examiners in all of the substantive domains and parents and
teachers were blinded throughout the research as to the reason for
examining or testing any of the children, subjects, or controls. The
general public and the schools knew it was a study of ‘‘develop-
ment.’’ Nineteen of the randomly selected controls were originally
deferred upon dysmorphological examination because of one or
more physical features consistent with FASD.

Early in the study, 3 of the 75 picked controls were not included
because of withdrawn permission, and later 3 were not provided a
second permission for psychological testing. Two of the randomly
selected children were found to have an FASD as a final diagnosis
and removed as controls, but all others chosen in the original control
selection are included in the control group of 67 (Fig. 1).

Mothers of FASD Children. The data reported in this paper rep-
resent only the mothers of children with an FASD diagnosis and
mothers of 63 controls. There were 22 children diagnosed with an
FASD, but because a set of twins was included, there were only 21
possible mothers to interview. Up to 5 biological mothers of FASD
children are not included in some analyses, because 2 were unavail-
able due to adoption or foster placement, 1 could not be located,
1 refused an interview repeatedly, and 1 terminated the interview
prematurely. Four of the mothers of FASD children denied drinking
at all; yet, all but one of them who did deny drinking were known
informally to reliable collateral informants (teachers, community
members, and social service workers) as drinkers and/or as having
alcohol, other substance abuse, or comorbidity problems.

Data Analysis

All data were entered and processed by EPI Info (version 6) soft-
ware of the U.S. Centers for Disease Control and Prevention (Dean
et al., 1994). Analyses primarily include tests of significance for both
discrete [chi-square, Fisher’s exact tests, and odds ratios (ORs) for
2�2 comparisons with 95% confidence intervals calculated by the
Cornfield technique] and continuous variables (t-tests and Blalock
difference of proportions tests) (Blalock, 1972) that compare subjects
with controls. Zero-order Pearson correlations are provided in
Tables 4 and 5. No adjustments were made for multiple compari-
sons. One-way analysis of variance was used to test relationships
between 3 groups in Table 2, and for correlation significance in
Tables 4 and 5. Pairwise post hoc analyses of between-group differ-
ences were used utilizing t-tests.

RESULTS

In Table 1, the demographic and growth parameters for
study children are presented for 3 categories: all 543

children in the overall sample, the 22 children diagnosed
with an FASD, and the 67 randomly selected controls. The
exact diagnoses of the FASD children are indicated in
Fig. 1: 4 children had FAS, 17 had partial FAS, and 1 with
ARND. The 3 aggregates presented in Table 1 are similar
in sex composition and age, as 45 to 51% of all groups
were male, and the mean age for the 3 groups was 80
months (6.7 years). Furthermore, there was no appreciable
difference between total sample measures of growth and
the control group, indicating that random selection of
controls produced a representative sample. Owing to
adherence to screening criteria, there are significant differ-
ences between the children with FASD and controls in the
following parameters: height, weight, BMI percentile, and
head circumference (OFC). In the diagnostic process, poor
growth, small head circumference, short palpebral fissures,
and/or features of a hypoplastic midface serve to differen-
tiate FASD subjects from non-FASD children and
indicate risk of mental deficiency. Individual facial
features were also found to be significantly different
between groups. Palpebral fissure length, philtral length,
ptosis, epicanthal folds, anteverted nostrils, long philtrum,
smooth philtrum, and narrow vermilion border are all sig-
nificantly different between the FASD group and controls.
The highest ORs for facial feature differences were upper
lip features: smooth philtrum (OR5 85.7) and narrow
vermilion border (OR5 18.6). Other minor structural
anomalies that differentiate the 2 groups are as follows:
railroad track ear configuration, camptodactly, and alter-
ation of palmar creases in the children with FASD.
Nonstatistically significant differences between FASD
subjects and controls were as follows: strabismus, heart
murmur, limited elbow supination (p5 0.06), clinodac-
tyly, and general clinical observations of poor fine motor
coordination, hypoplastic midface, and prognathic chin.
The mean total dysmorphology score was significantly dif-
ferent (po0.001) for the FASD group (12.5 � 3.9) and
controls (3.3 � 3.0), indicating, as predicted by the diag-
nostic process, substantially more dysmorphic features in
the FASD group. Overall, 36.4% of the children diag-
nosed with an FASD had all 3 of the key facial features
commonly seen with FAS (50% of the FAS and 35.3% of
the PFAS children).

Development and Behavior

In Table 2, developmental and behavioral test findings
are summarized, in addition to a summary of maternal age
and selected maternal drinking variables. The study chil-
dren were divided into 3 groups: 2 FASD groups, (1) those
first preliminarily diagnosed as FAS and (2) those in whom
diagnosis was initially deferred but who later converted to
a diagnosis of FASD, and (3) the controls. Of those chil-
dren with a preliminary diagnosis of FAS, 54.5% were
referred into the study because of deficient growth or small
head size, another 36.4% of this group were referred for
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both size and behavioral/learning problems, and o10%
were referred for behavioral/learning problems only. In
the preliminarily deferred group, only 18.2% were referred

because of growth or OFC deficiency and all the remaining
81.8% were referred by teachers for learning/behavioral
problems. On language comprehension ( p5 0.009),

Table 1. Demographic and Growth Parameters for All Study Children, Children with a Final Diagnosis of FASD, and Randomly Selected Controls: Lazio
Region, Italy

Variable
Children in study

(n 5 543)
Children with

FASD (n 5 22)a
Control children

(n 5 67)
p Value, OR

(95%CI)b

Sex (%)
Males 51.0 50.0 44.8
Females 49.0 50.0 55.2 NS (0.670)c OR 5 1.23

(0.42–3.63)
Age (mo) Mean (SD) 80.4 (4.4) 80.1 (4.3) 79.9 (3.4) NS (0.801)d

Height (cm)e, Mean (SD) 121.5 (5.4) 116.2 (5.2) 121.4 (4.5)f o0.001d

Weight (kg)e, Mean (SD) 25.3 (5.3) 22.0 (4.4) 25.5 (4.5)f 0.002d

Children’s BMIe, Mean (SD) 16.9 (2.8) 16.2 (2.4) 17.3 (2.5) NS (0.077)d

BMI percentilee, Mean (SD) 61.8 (31.4) 52.2 (33.9) 69.6 (28.4) 0.020d

Occipital circumference (cm)e, Mean (SD) 52.0 (1.5) 50.7 (1.8) 51.9 (1.1)f o0.001d

Palpebral fissure length (cm), Mean (SD) 2.4 (0.1) 2.5 (0.1) 0.004d

Philtrum length (cm), Mean (SD) 1.5 (0.2) 1.4 (0.2) 0.001d

Short innercanthal distance (� 25%) 18.2 7.5 NS (0.148)c OR 5 2.76
(0.54–13.85)

Fine motor dysfunction (%) 0.0 0.0 NSc,g

Hypoplastic midface (%) 27.3 11.9 NS (0.087c OR 5 2.77
(0.71–10.72)

‘‘Railroad track’’ ears (%) 22.7 6.0 0.024c OR 5 4.63
(0.93–24.04)

Strabismus (%) 9.1 3.0 NS (0.230)c OR 5 2.30
(0.30–35.78)

Ptosis (%) 13.6 0.0 0.002c,g

Epicanthal folds (%) 40.9 14.9 0.010c OR 5 3.95
(1.16–13.55)

Flat nasal bridge (%) 0.0 0.0 NSc,g

Anteverted nostrils (%) 36.4 9.0 0.002c OR 5 5.81
(1.49–23.36)

Long philtrum (%) 68.2 40.3 0.023c OR 5 3.17
(1.02–10.13)

Smooth philtrum (%) 90.9 10.4 o0.001c OR 5 85.71
(14.10–689.60)

Narrow vermillion border (%) 86.4 25.4 o0.001c OR 5 18.63
(4.34–92.35)

Prognathism (%) 0.0 0.0 NSc,g

Heart murmur (%) 0.0 1.5 NS (0.564)c

(0.00 55.88)
Heart malformations (%) 0.0 0.0 NSc,g

Hypoplastic nails 0.0 0.0 NSc,g

Limited elbow supination (%) 13.6 3.0 NS (0.060)c OR 5 5.13
(0.62–48.90)

Clinodactyly (%) 31.8 26.9 NS (0.654)c OR 5 1.27
(0.39–4.09)

Camptodactyly (%) 22.7 7.5 0.05c OR 5 3.65
(0.78–17.19)

Palmar crease alteration (%) 45.5 19.4 0.015c OR 5 3.46
(1.08–11.19)

Hypertrichosis (%) 0.0 0.0 NSc,g

Other features (%) 4.5 9.0 NS (0.505)c OR 5 0.48
(0.02–4.59)

Dysmorphology scoreh, Mean (SD) 12.5 (3.89) 3.3 (3.03) o0.001d

aThere was 1 set of twins among the FASD cases.
b95% CIs calculated via the Cornfield technique.
cChi-squared test of data comparing children with FASD and controls; a Fisher’s exact test when there are cells with an expected value of o5.
dt-Test of data comparing children with FASD and controls.
eMeasurements are actual values at the time of screening and exams. Percentiles were calculated via standardized NCHS growth charts for age and

sex and used. (1) When considering inclusion of children in the study, (2) for comparison, and (3) when diagnosis was made.
fMeasurements at time of Tier I screen; therefore, they are directly comparable to all other groups.
gCalculations of ORs not possible for indicated variable.
hThe dysmorphology score is a weighted measure of dysmorphic features. It is not utilized in diagnostic assessment, but provides a quantitative

measure of dysmorphic features for comparison purposes (Hoyme et al., 2005).
NS, not significant; FASD, fetal alcohol spectrum disorder; BMI, body mass index; 95% CI, 95% confidence interval; OR, odds ratio.
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nonverbal IQ ( p5 0.005), and behavioral problems
( po0.001), the 3 groups perform differently. The children
preliminarily diagnosed as FAS had the worst scores on
language and nonverbal IQ, while the preliminarily
deferred FASD children had the most behavioral prob-
lems. Overall, the 2 FASD groups performed worse than
controls on all standard tests. Post hoc analysis of inter-
group differences indicates that the preliminary FAS
groups and the initially deferred groups differed on behav-
ior problems, a further indicator that this later group
included most of the behavior/learning problem referrals
from teachers. Both FASD groups differed significantly
from controls on all developmental measures with the
exception of behavior. Both the preliminary FAS children
and the controls are better behaved than the preliminarily
deferred children who were later diagnosed as having an
FASD. Total dysmorphology scores for each group form a
spectrum (14.7 � 3.3, 10.4 � 3.4, and 3.3 � 3.0) from
preliminary FAS to control ( po0.001). Post hoc analyses
also indicate significant differences in scores between each
group.
In the second part of Table 2, the maternal age of

the 3 groups displays a continuum. The mothers of the
preliminary group were the oldest ( �X¼ 32:4� 5:2), the
preliminary deferred intermediate ( �X ¼ 31:1� 3:2), and
the controls the youngest ( �X ¼ 29:7� 5:7) at delivery,
although the differences were not statistically significant.
In general, the current drinking reported by the mothers
of the children in these 3 groups also exhibits a spectrum
that mirrors the FASD versus control findings. The
mean number of drinks currently consumed per week

(at interview) by mothers of children diagnosed as
preliminary FAS (16.2 � 26.6) exceeds that of the prelim-
inarily deferred children (7.5 � 8.7) and the controls
(1.5 � 2.0), and the standard deviations vary greatly in
the 3 groups, being the highest in the mothers of the
children eventually diagnosed with an FASD. Binge
measures (mean drinks per current drinking day) were
the highest for the preliminary FAS group (2.6 � 3.6).
Post hoc t-tests indicated that both FASD maternal
groups were significantly different than control mothers
on both of these variables. But it is interesting to note that
only 44% to 50% of the mothers in any of these 3 groups
reported drinking at all during pregnancy (once they
knew they were pregnant). It was the impression of the
interviewers that the veracity of the reporting of prenatal
drinking was questionable for some women. For exam-
ple, in 19% of the interviews of the mothers of FASD
children, the blinded interviewers checked a box that
indicated suspicion about the truthfulness of responses.

Demographic, Socioeconomic, and Maternal Drinking
Measures

In Table 3, socioeconomic and drinking indicators for
mothers of children with an FASD are compared with
those of controls. Demographic and socioeconomic indi-
cators for the 2 maternal groups were analyzed, and the
summary in Table 3 indicates very little difference. Mean
age, rural/urban residence, frequency of church attend-
ance, religious attitude, and employment were not
significantly different in the highlighted analyses or in

Table 2. General Developmental and Behavioral Indicatorsa of Children with FASD (by Preliminary Diagnosis After Dysmorphology Exam) and Randomly
Selected Controls and Comparisons Across Diagnostic Groups by Maternal Age and Various Drinking Measures: Lazio Region, Italy

Child variables

Final Dx FASD

Test statisticb df p Value

Preliminary Dx FAS
mean score (SD)

(n 5 11)

Preliminary Dx
deferred mean score

(SD) (n 5 11)

Controls mean
score (SD)

(n 5 67)

Developmental traits
Language comprehensionc 3.2 (2.3)4 3.5 (2.1)3 4.9 (1.8) F 5 5.03 2/85 0.009
Nonverbal IQd 51.8 (19.7)4 58.2 (21.5)3 72.3 (21.7) F 5 5.62 2/85 0.005
Behaviore 5.3 (3.8)1 11.7 (6.1)4 3.9 (3.7) F 5 15.43 2/73 o 0.001
Total dysmorphology score 14.5 (3.3)2,4 10.4 (3.4)4 3.3 (3.0) F 5 77.35 2/88 o 0.001

Maternal variables (n 5 9) (n 5 8) (n 5 63)
Maternal age during index pregnancy ( �X), Mean (SD) 32.4 (5.2) 31.1 (3.2) 29.7 (5.7) F 5 1.105 2/77 NS (0.337)
Report drinking during pregnancy (%) 44.4 50.0 49.2 X2 5 0.08 2 NS (0.962)
Mean drinks per current weekf (SD) 16.2 (26.6)4 7.5 (8.7)4 1.5 (2.1) F 5 6.01 2/38 0.006
Mean drinks per current drinking dayf (SD) 2.6 (3.6)4 1.5 (0.9)4 0.8 (0.4) F 5 5.01 2/38 0.012

1t-Test significantly different (o0.05) from preliminarily deferred.
2t-Test significantly different (o0.01) from preliminarily deferred.
3t-Test significantly different (o0.05) from controls.
4t-Test significantly different (o0.01) from controls.
aAll scores standardized for age of child at the time of testing.
bOne-way analysis of variance (F) or chi-square.
cRustioni Qualitative Test.
dRaven Colored Progressive Matrices.
ePersonal Behaviors Checklist (PBCL-36).
fAmong those who reported drinking during pregnancy; includes current nondrinkers.
NS, not statistically significant; FASD, fetal alcohol spectrum disorder; Dx, diagnosis.
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other variable comparisons. There was a significant differ-
ence in educational attainment, the mothers of FASD
children being somewhat bimodal; yet, overall they are
less educated than controls. Also, mothers of FASD chil-
dren reported significantly higher church attendance and
more positive adherence to religion as reflected in the higher
religiosity index scores. Direct confirmation of drinking
was not available from interviews for 9 of the 21 mothers

of FASD children. Four were judged to be suspect and
inaccurate by blinded interviewers, and 5 were missing.
Nevertheless, useful data were obtained on the remaining
12 of the mothers of FASD children, and all but 1 of these
reported that they were current drinkers. Overall, mothers
of children with FASD report drinking 42 drinks in the
month before the interview (current drinking) compared
with a significantly lower average of 8 for controls

Table 3. Demographic, Socioeconomic, and Maternity Variables and Substance Use Measures by Mothers of the Children with FASD and Randomly
Selected Controls: Lazio Region, Italy

Variable

Mothers of
children with

FASD (n 5 18)

Control
mothers
(n 5 63) Test statistic p value

Demographic and socioeconomic variables
Mean Age (y) on day of interview (SD) 37.9 (5.3) 36.6 (5.8) NS (0.636)a

Residence during index pregnancy (%)
Urban 23.5 23.8
Suburban 47.1 55.6
Rural 29.4 20.6 NS (0.727)b

Educational attainment (%)
Elementary 17.6 1.6
Junior high 41.2 30.2
Senior high 17.6 49.2
Degree 23.5 19.0 0.014b,c

Religiosity Index—Mean (SD) 3.9 (1.7) 2.4 (1.7) 0.001a

Currently employed, % 58.8 59.7 NS (0.949)b OR 5 0.97 (0.28–3.32)
Among those employed, actual job (%)

Manual worker 40.0 13.5
Office worker 50.0 67.6
Manager in an office 0.0 2.7
Manager 10.0 13.5
Other 0.0 2.7 NS (0.422)b,c

Among those employed, hours of work per week—Mean (SD) 30.8 (11.6) 27.1 (9.5) NS (0.305)a

Mothers of
children with

FASD (n 5 12)

Mothers of
control children

(n 5 48) p Value, OR (95% CI)d

Substance use variables
Current drinkerf (of ever drinkers) (%) 91.7 100.0 0.046e

Mean number of drinks last month (current drinkersf) (SD) 41.9 (73.7) 8.0 (8.8) 0.007a

Percent drinking 3 mo before index pregnancy (ever drinkers) 91.7 87.5 NS (0.688)b, OR 5 1.57
(0.15–38.97)

Percent drinking during index pregnancy (ever drinkers) 69.2 64.6 NS (0.754)b, OR 5 1.23
(0.28–5.73)

Among ever drinkers, drinking during:
First trimester of pregnancy with index child (%) 41.7 37.5 NS (0.791)b, OR 5 1.19 (0.27–5.15)
Second and third trimester of pregnancy with index child (%) 50.0 33.3 NS (0.284)b, OR 5 2.00

(0.46–8.71)
Current smoker (of those who ever smoked) (%) 36.4 59.4 NS (0.187)b, OR 5 0.39

(0.07–1.97)
Cigarettes smoked per day, current smokers (%)

12 25.0 16.7
5 to 7 25.0 5.6
8 to 10 25.0 44.4 NS (0.372)b,c

11 to 19 0.0 27.8
20 (1 pack) 25.0 5.6

Percent smoked 3 mo before index pregnancy (among ever smokers) 90.9 65.6 NS (0.107)b, OR 5 5.24
(0.53–125.85)

Percent used tobacco during index pregnancy (ever smokers) 40.0 37.5 NS (0.887)b, OR 5 1.11
(0.20–5.94)

at-Test.
bChi-squared test.
cCalculations of chi-square-based odds ratio not possible for this variable as it is not a 2�2 configuration.
d95% CI calculated via the Cornfield technique.
eDifference of proportions test.
fConsumed alcohol in 12 months preceding interview.
NS, not statistically significant; 95% CI, 95% confidence interval.
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( p5 0.007). Drinking prevalence reported for the 3 months
before the index pregnancy did not differ significantly
between groups (91.7% vs 87.5%), nor did reported drink-
ing during pregnancy (69.2% vs 64.6%). Mothers of
FASD children were more likely to report consuming
alcohol in all trimesters, especially in trimesters 2 and 3,
although none of the differences proved significant. Smok-
ing variables did not differ significantly between maternal
subjects and controls overall or for any trimester.

Developmental and DysmorphologyMeasures in Relation to
Maternal Drinking

Table 4 presents Pearson correlation coefficients for
developmental and dysmorphology traits associated with
selected maternal drinking measures. Few of the bivariate
correlations of drinking and specific psychological and
developmental measures are significant. The one notable
exception is the Pelham inattention score, which is signifi-
cantly associated with all drinking variables except for
current drinks per drinking day. However, all of the drink-
ing measures are significantly associated with total
dysmorphology score except for drinking during the first
trimester. Drinks per month in second and third trimesters
and current drinks per drinking day are all positively asso-
ciated (r5 0.25–0.27, po0.05) with high dysmorphology
scores. The highest correlation is between current drinks
per month (r5 0.32, po0.01) and dysmorphology score.

Maternal and Child Characteristics in Relation to Child’s
Nonverbal IQ

Further data in Table 5 correlate selected maternal and
child physical variables with the child’s nonverbal IQ None
of the correlations between selected maternal variables and
IQ are significant. However, for the children’s variables,
head circumference (r5 0.25), smooth philtrum (r5�0.29),
a railroad track ear configuration (r5�0.24), ptosis

(r5�0.24), limited supination of elbows (r5�0.22), and
total dysmorphology score (r5�0.26) are significantly cor-
related with the child’s nonverbal IQ, a key measure in
FASD diagnosis. However, none of these traits, when taken
individually as zero-order correlations, explain more than

Table 4. Pearson Correlation Coefficients for Developmentala and Physical Dysmorphology Versus Selected Maternal Drinking Measures: Lazio Region,
Italy (n 5 79)

Trait

Drinks per
month first
trimester

Drinks per
month second

trimester

Drinks per
month third
trimester

Drinks per
current

drinking day

Drinks per
current
month

Language comprehensionb �0.19 �0.18 �0.18 0.04 �0.15
Nonverbal IQc �0.09 �0.12 �0.12 0.01 �0.08
Behaviord �0.02 0.02 0.02 0.04 0.04
Inattentione 0.23� 0.31�� 0.31�� 0.21 0.24�

Hyperactivityf 0.00 0.04 0.04 0.03 0.02
Dysmorphology score 0.20 0.27� 0.27� 0.25� 0.32��

aAll scores standardized for age at the time of testing.
bRustioni Qualitative Test (number of errors made by each child).
cRaven Colored Matrices.
dPersonal Behaviors Checklist (PBCL-36).
ePelham–inattention subscore.
fPelham–hyperactivity subscore.
�po0.05.
��po0.01.

Table 5. Pearson Correlation Coefficients for Child’s Nonverbal IQ and
Selected Maternal Variables, Child Traits, and Total Dysmorphology Score:

Lazio Region, Italy (n 5 85)

Variable

Nonverbal IQa

n r r2 F statistic p Value

Maternal
Age when pregnant 77 0.17 0.03 2.35 NS
Height—current 77 �0.07 0.00 0.38 NS
Weight—current 77 �0.07 0.00 0.35 NS
BMI percentile—current 77 �0.08 0.01 0.48 NS
Gravida at index pregnancy 77 �0.01 0.00 0.01 NS
Parity at index pregnancy 77 �0.10 0.01 0.80 NS

Child
Head circumference 85 0.25 0.06 5.69 o0.05
Inner canthal distance 84 0.06 0.00 0.33 NS
Palbebral fissure length 84 0.04 0.00 0.12 NS
Philtrum length 85 �0.06 0.00 0.29 NS
Smooth philtrumb 84 �0.29 0.08 7.45 o0.01
Narrow vermillion borderb 85 �0.19 0.04 3.06 NS
Hypoplastic midfacec 85 0.08 0.01 0.59 NS
‘‘Railroad’’ earsc 85 �0.24 0.06 5.10 o0.05
Strabismusc 85 �0.18 0.03 2.70 NS
Ptosisc 85 �0.24 0.06 5.05 o0.05
Epicanthal foldsc 85 �0.06 0.00 0.27 NS
Heart murmurc 85 0.11 0.01 0.97 NS
Limited supination of elbowsc 85 �0.22 0.05 4.30 o0.05
Camptodactylyc 85 0.07 0.00 0.37 NS
Palmer crease alterationsc 85 �0.01 0.00 0.01 NS
Other featuresc 85 0.06 0.00 0.27 NS
Dysmorphology score 85 �0.26 0.07 6.32 o0.05

aRaven Colored Matrices.
bLip-philtrum guide values ranging from 1 to 5.
cIndependent variables treated as categorical/dummy variables where

the presence of the trait equals 1 and the absence equals 0.
dAll scores standardized for age at the time of testing.
NS, not statistically significant; FASD, fetal alcohol spectrum disorder;

BMI, body mass index.
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5% to 8% of the variance in a child’s nonverbal IQ. Larger
samples would allow multiple correlation studies.

Prevalence of FAS

Table 6 presents prevalence estimates for various levels
of FASD in the Italian study population. Overall, the rate
of FAS and partial FAS exceeded our expectations and
also current estimated rates for the United States. Esti-
mated rates of FASD diagnoses are presented in 2 ways in
Table 6: rates calculated on the basis of the sample con-
senting to participate (n5 543) and also projected to the
total number of children in the first-grade classrooms from
which the sample was drawn (n5 1,086). Therefore, the
rate of FAS overall is between 3.7 and 7.4 per 1,000 chil-
dren. Partial FAS is between 15.7 and 31.3 per 1,000
children. The overall range of rates of FASD (including
the case of ARND) is 20.3 to 40.5 per 1,000 children. If one
excludes the cases for which maternal alcohol intake could
not be confirmed directly, the observed rates of FASD are
slightly more than half (55%) of the above rates: overall,
11.1 to 22.0 per 1,000; 2.8 to 5.5 per 1,000 for FAS; and 7.4
to 14.7 per 1,000 PFAS.
The lower prevalence rates in Table 6 assume that the

2 methods of active recruitment for the sample to be
screened (growth or OFC � 10% and/or referral for learn-
ing or behavioral problems) captured all candidates for an
FASD diagnosis among the 543 children who had con-
sented to participate. The higher rates assume the polar
opposite: that the active recruitment of cases by the school
officials was not at all selective, and a child not in the study
was no more or less likely to have FASD as those 543 who
did participate. The truth may lie in the middle. Of the 69
randomly selected control/comparison children who had
permission to participate, andwhowere examined by blinded
dysmorphology teams, 2 were ultimately diagnosed with
an FASD (1 FAS and 1 partial FAS). Therefore, 2.9% of
the randomly selected children from the consenting partic-
ipant pool had an FASD. Projecting this proportion to the
543 children not participating in the study, an additional

16 cases of FASD are estimated to exist among those not
screened. This results in an overall estimated FASD rate of
34.9 per 1,000 children, or 3.5%. We believe that this rate
is likely to err on the high side for the more severe diag-
noses (FAS and PFAS) if one assumes that the active case
ascertainment methods, both growth and referrals from
teachers, may have recruited a high proportion of the chil-
dren who were candidates for these diagnoses.

DISCUSSION

One of the greatest limitations to the prevalence calcu-
lations of this study, and all active case ascertainment
studies, is the consent rate. The fact that consent to partic-
ipate was obtained for only 50% of the children in the
randomly selected schools introduces potential bias for
which it is difficult to account. This has been a problem in
U.S. studies as well, as there is frequently a reluctance of
guardians, especially birth parents, to provide consent for
an examination of their child for FASD or other develop-
mental issues. In fact, because of the reluctance of parents
and guardians, most active case ascertainment studies
have avoided in-school studies of FASD, relying instead
on large outreach referral networks within and between
public health and educational systems. The one in-school
study in the United States, in a county that required active
consent from parents, was only able to recruit o25% of
the children (Clarren et al., 2001). We have attempted in
this study to correct this potential skewing of the data by
several methods. First, some children, in addition to those
referred for physical growth and development, were
referred for academic or behavioral problems. Consent
for these specially referred children was high in most
schools because of the persistence of teachers, administra-
tors, and research team members. Second, to account for
possible selectivity, we have provided a range of rate esti-
mates rather than one definite rate. Finally, the proportion
of children found to have an FASD in the randomly
selected cases from the participant pool was used to esti-
mate a single rate for the sample. Therefore, we have

Table 6. Cases Diagnosed and Estimated Rates of FASD Among First-Grade School Children in Lazio Region, Italy, 2004

Diagnosis with direct confirmation of
EtOH use (from mother’s interview)

during pregnancy

Diagnosis without direct confirmation of
EtOH use (from mother’s interview)

during pregnancy Total sample

n
Rate for
samplea

Rate for
entire classb n

Rate for
samplea

Rate for
entire classb n

Rate for
samplea

Rate for
entire classb

FAS 3 5.5 2.8 1 1.8 0.9 4 7.4 3.7
Partial FAS 8 14.7 7.4 9 16.6 8.3 17 31.3 15.7
ARNDc 1 1.8 0.9 — — — 1 1.8 0.9
Total 12 22.0 11.1 10 18.4 9.2 22 40.5 20.3

aRate per 1,000 children based on the sample screened, n 5 543.
bRate per 1,000 children in all first-grade classrooms assuming no children with FASD were missed by the consent and screening process.
cARND cannot be diagnosed without confirmation of EtOH consumption during pregnancy. Direct confirmation in this study means via direct

statement from the mother via interview.
FASD, fetal alcohol spectrum disorder; EtOH, ethanol; ARND, alcohol-related neurodevelopmental deficit.
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provided high (sample only) and low (total enrollment)
rates of prevalence along with a single estimate (35 per
1,000) that may combine the advantages of both probabi-
listic screening and random selection of control subjects.
While it is difficult to compare the rates of FASD found

in this population with other studies in developed coun-
tries, the rates of FAS and PFAS were high. Even the most
conservative estimated rates from this study far exceed
estimates from clinic-based studies from the United States
(Abel, 1998; Sampson et al., 1997). For example, Sampson
et al. (1997) estimated the rate of FAS and ARND to be
1% in the U.S. population. While we used a different,
updated, and likely more sensitive diagnostic scheme
(Hoyme et al., 2005) in Italy, we have found that the rate
of FASD may be 2.0% to 4.1% (20.3–40.5 per 1,000). The
FAS-only (not FASD) rates are, however, somewhat close
to the 3.1 per 1,000 reported by Clarren et al. (2001) in the
in-school study in Washington State of the United States.
Yet, they are much lower than the in-school samples of
South African children of 46 to 75 full-blown FAS cases
per 1,000 (May et al., 2000; Viljoen et al., 2005), where
poor nutrition, poverty, binge drinking, and other factors
combine for extremely high rates.
Our findings raise the substantial question as to whether

FASD prevalence is accurately reported or estimated in
the United States or in any Western European country.
The rate of FAS has been estimated recently as 0.5 to 2.0
(Stratton et al., 1996) or 0.5 to 1.5 (May and Gossage,
2002). These estimates may be quite low, as they arise
primarily from passive case ascertainment studies. Fur-
thermore, the estimate that FASD may affect 1% of the
U.S. population (Sampson et al., 1997) or any developed
population may also be substantially low, as this in-school
study in Italy provides estimates of 2% to 4%. Many
authors have suggested that FAS and other FASD are
underreported, and studies have documented high rates of
undiagnosed cases in several countries (Clarren et al.,
2001; Duimstra et al., 1993; Leversha and Marks, 1995;
Little et al., 1990; Kvigne et al., 2003; Square, 1997).
Therefore, our conclusion is that FAS and FASD are
probably more common in the western, developed world
than currently estimated. In support of this conclusion,
Clarren et al. wrote after their in-school study: ‘‘none of
the [FAS] children had been identified in the Washington
State Registry. In our opinion, none of these cases of FAS
would have been included in any passive surveillance study
reporting the prevalence FAS . . . . ’’ Only through addi-
tional active case ascertainment studies of FAS and other
FASD in the United States and Western Europe can the
question of the true prevalence of FASD be answered.

Traits of Children With FASD in Italy Related to Maternal
Drinking

The children in Italy identified as having an FASD meet
the revised IOM criteria that we have used to identify

children with substantial prenatal alcohol exposure
elsewhere in the world. Their suppressed growth and devel-
opment, depressed intellectual functioning, and behavior
problems are similar to those identified and described in
subpopulations of the United States and South Africa.
Their height, weight, and BMI percentile were depressed;
short palpebral fissures and hypoplastic midfacial fea-
tures were common, especially the smooth philtrum and a
narrow vermilion border. The prevalence of hand defects
was also similar to alcohol-using maternal populations
studied elsewhere. The intellectual performance and prob-
lematic behavior of Italian children with FASD formed a
spectrum that was correlated with the level of current
drinking reported by the mother and the severity of the
child’s dysmorphology. Italian children with FASD were
significantly more deficient in verbal IQ and nonverbal IQ
and more prone to behavioral problems than controls.
Once again, the data from this study raise the question of
whether high levels of current drinking are proof of a sub-
stantial prenatal effect on the child’s behavior or whether
the postnatal environment is most important. When
combined with the dysmorphic features documented in
children diagnosed with an FASD, the prenatal effect is
evident, but postnatal behavioral influences via household
conditions are also important. In this Italian population,
there was no significant variation by SES, but social
behavior from family to family differed.
As in previous studies in the schools of South Africa, the

diagnostic dysmorphology definitely led the blinded
research team to children who had behavioral and learn-
ing problems and more importantly to mothers who had
substantial issues of alcohol use and comorbidity, but once
again, an episodic pattern of heavy drinking seems to
emerge to differentiate the mothers of FASD children
from controls, although evidence of episodic drinking is
less in this Italian population than in other populations in
which we have worked. Nevertheless, the average number
of current drinks per week reported by Italian mothers of
FASD children (16.2) is strikingly similar to that reported
by South African women who have had FAS children
(16.1 and 13.6) (May et al., 2005; Viljoen et al., 2002). In
general, even though about three-fourths of maternal con-
trols and 100% of the women who have ever consumed
alcohol reported drinking in the past year, daily drinking
in this part of Italy seems to be less common than we sus-
pected. But to a greater degree than South African women,
Italian subjects reported fewer binges and also seemed
more challenging to engage in frank and accurate discus-
sion of drinking during the prenatal period.
While some studies of maternal drinking in Italy have

not linked maternal drinking to major adverse fetal out-
comes (Lazzaroni et al., 1992, 1993a, 1993b), two other
studies of prenatal drinking in Italy have reported sub-
stantially higher levels of drinking during pregnancy than
we found. In Italian hospitals, 29% of women reported
drinking daily throughout pregnancy and 1% were
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classified as drinking between meals (Bonati and Fellin,
1991). Another study in Milan indicated that 1.4% of
mothers binged, that 29% of the pregnant respondents
reported that they continued to drink daily, and that 9%
drank more than 11.5 standard drinks per week (Bonati
and Fellin, 1991; Primatesta et al., 1993). If our maternal
data collected in this wave of research are correct, then the
stereotype of daily drinking among Italian women needs to
be questioned and begs clarification.

Traits of Mothers of FASD Children Compared With
Controls

We encountered some frustrations with the structure
and nature of our questionnaire used in Italy. The transla-
tion process and the need for economy of time may have
compromised the integrity of the instrument. This may
have led to problems of completeness of data and accurate
reporting levels of drinking, especially the reporting of
drinking during pregnancy. Current drinking measures
seemed to be more accurate, valid, and useful to the
research in this population than measures associated with
pregnancy, which has been reported in other studies in
other populations (Alvik et al., 2006; May et al., 2005;
Viljoen et al., 2002). Overall, even though virtually all
women in the study were current drinkers and we suspect
underreporting, there were substantial differences in the
current drinking levels reported by mothers of FASD chil-
dren and controls. It is the gradient of difference, not the
absolute values, upon which one must rely. The mothers of
FASD children were more likely to report current drinking
levels exceeding an average of over 1 standard drink per
day (1.4) compared with one-quarter (0.27) of a standard
drink per day for controls. Reported drinking and smok-
ing during pregnancy did not vary significantly between
the 2 groups; yet, these differences were the greatest in the
second and third trimesters, in keeping with other
literature on maternal risk factors. Importantly, dysmor-
phology scores were significantly correlated with second
and third trimester drinking, but overall, the inability to
obtain complete and detailed drinking data from over
40% of the mothers of FASD children was a problem.

Other Diagnostic Considerations

We have utilized the IOM-approved option of classify-
ing 1 of the 4 children with FAS (25%) in the absence of
detailed alcohol-exposure data, and 9 of the 17 (53%) with
partial FAS with less than perfect alcohol exposure data,
for in many of these cases it was collateral data. We doubt
that we have underdiagnosed FAS or PFAS, because link-
ing detailed dysmorphology and behavioral data provided,
in each case, symptomology that is definitely specific to
FAS and PFAS. Also, in the diagnostic process most other
known causes of these symptoms have been eliminated.
However, ARND may be underdiagnosed in this study.
A diagnosis of ARND specifically requires detailed

evidence of substantial alcohol exposure. The extent of
any bias introduced into this study by inaccurate or miss-
ing maternal data is unknown. This study has again
demonstrated that using dysmorphology in the first parts
of our selective screening methodology, we rarely diagnose
alcohol-related learning disability and behavior problems
without significant dysmorphology and vice versa. Only
one ARND child was identified with the current active
case ascertainment methods. If a research project began
first with all children with deficient performance on IQ,
learning, or behavioral testing (regardless of size or head
circumference), and then moved on to assess dysmorphol-
ogy and maternal risk factors, more cases of ARNDwould
likely emerge. But until we better understand the true and
unique behavioral phenotype of FASD children, and find
the specific neuropsychological tests that discriminate
FASD children from other children with or without other
disabilities, such a population-based study is likely to be
onerous and impossible.

CONCLUSION

Fetal alcohol syndrome and other FASD were found
among the first-grade populations of randomly selected
schools in the Lazio Region of Italy. The rates of FAS
(3.7–7.4 per 1,000 children) and total FASD (20.3–40.5 per
1,000) were high. But as this is one of the first in-school
studies of FASD prevalence ever undertaken in a western,
highly developed population, there are few similar, active
case ascertainment studies with which it can be accurately
compared. Overall, the rate of FASD in this Western
European population may be 3.5%. Even though the
data on maternal drinking among mothers of FASD chil-
dren were not as complete or informative as desired, and
the sample was small, substantial insight has been gained
into the implications of the Italian, Western European
drinking style associated with FASD. In this part of Italy,
maternal drinking may be less regular and universal than
previously thought. Fetal alcohol syndrome and other
FASD do exist in Italy, as such birth defects are produced
by a small minority of heavy drinkers of either a binge or a
daily consumption pattern. As children with FASD pre-
sent substantial challenges to parents, schools, and social
service systems, there is a need to identify these children
early so that their development can be maximized.
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